US011105537B2

12 United States Patent

Matsuda et al.

US 11,105,537 B2
Aug. 31, 2021

(10) Patent No.:
45) Date of Patent:

(54) REFRIGERATION CYCLE APPARATUS (56) References Cited
(71) Applicant: Mitsubishi Electric Corporation, U.S. PATENT DOCUMENTS
Lokyo (IF) 3,283,552 A 11/1966 Koch
: ’ OCNCT
(72) Inventors: Hirofumi Matsuda, Tokyo (JP); Satoru 3,939,470 A * 21976 Aral ..o sziégéé
Yanachi, Tokyo (JP) 8,353,180 B2* 1/2013 Okamoto ................ F25B 43/02
62/470
(73) Assignee: Mitsubishi Electric Corporation,
lTokyo (JP) FOREIGN PATENT DOCUMENTS
(*) Notice: Subject to any disclaimer, the term of this TP H01-302072 A 12/1989
patent 1s extended or adjusted under 35 Jp HO03-73880 U 7/1991
U.S.C. 154(b) by 140 days. (Continued)
(22) PCT Filed: Oct. 31, 2016 Office Action dated Jun. 11, 2020 1ssued in corresponding CN patent
lication No. 201680089837.5 d English t lation).
(86) PCT No.: PCT/JP2016/082348 PPTEAHOR O (and English translation)
§ 371 (1) (Continued)
C 2
(2) Date: Feb. 13, 2019
Primary Examiner — Joseph F Trpisovsky
(87) PCL Pub. No.:- WO2018/078883 (74) Attorney, Agent, or Firm — Posz Law Group, PLC
PCT Pub. Date: May 3, 2018
(65) Prior Publication Data (57) ABSTRACT
US 2019/0242622 Al Aug. 8, 2019 A refrigeration cycle apparatus refrigeration cycle apparatus
(51) Int.Cl in which refrigerant circulates in an order of a compressor,
nt. CL . .
FISB 1/04 (2006.01) an o1l separator, a condenser, an expansion valve, an evapo-
rator, and an accumulator. The refrigeration cycle apparatus
F235B 43/02 (2006.01) . . . . .
o includes: an oil returming path extending from the o1l sepa-
(Continued) rator to the compressor; a first electromagnetic valve pro-
(52) gPSC Cl. F25B 1/04 (2013.01). F25B 31/004 vided on the o1l returning path; an o1l returning path extend-
-------------- . , * f th 1 t t th . d
(2013.01); F25B 43/02 (2013.01); F25B 49/02 5 0 @ . o o the ol et o
(2013.01): electromagnetic valve provided on the o1 retummg'pat :
_ R and a controller configured to control a degree of opening of
(58) Field of Classifi (Contmsued) " the first electromagnetic valve and a degree of opening of the
ield o assification Searc :
second electromagnetic valve.
CPC ......... F25B 1/04; F25B 31/004; F25B 43/02; .
F25B 2400/02; F25B 2400/23;
(Continued) 3 Claims, 25 Drawing Sheets

106

38



US 11,105,537 B2

Page 2
(51) Int. CL JP 2003-279175 A 10;2003
JP 3937884 B2 4/2007
F255 49/02 (2006.01) JP 2014-145554 A 8/2014
F258 31/00 (2006.01) I 2014-181869 A 9/2014
(52) U.S. CL
CPC ... F25B 2400/02 (2013.01); F25B 2400/23 OTHER PUBIICATIONS
(2013.01); F25B 2500/16 (2013.01); F25B
2600/2519 (2013.01); F25B 2700/03 (2013.01) Oflice Action dated Jan. 7, 2020 issued 1n corresponding JP patent
(58) Field of Classification Search application No. 2018-547101 (and English translation).
CPC F25B 2700/03: E25B 2500/16° F25RB Extended European Search Report dated Aug. 21, 2019 1ssued 1n
2%00/2519' 'EZSB?J 10/00 corresponding EP patent application No. 16919754.8.
L. > International Search Report of the International Searching Authority
See application file for complete search history. dated Jan. 17, 2017 for the corresponding International application
_ No. PCT/JP2016/082348 (and English translation).
(56) References Cited Office Action dated Feb. 10, 2021 issued in corresponding CN
patent application No. 201680089837.5 (and English translation).
FORFIGN PATENT DOCUMENTS Oflice Action dated Jul. 1, 2021, 1ssued 1n corresponding CN Patent
Application No. 201680089837.5 (and English Machine Transla-
JP HO03-127165 U 12/1991 tion).
JP 2001-012351 A 1/2001
JP 2003-028523 A 1/2003 * cited by examiner



.S. Patent Aug. 31, 2021 Sheet 1 of 25 S 11,105,537 B2

FIG.T

* + + + + + F F F F FFFFFEFFFEFFFEFFEAFEAFFEFEAFEFEEFEFEEFEFEFEFE

+ + + + + + + & F + F FF A FFE A+

LN B N B N N N N B N N NN B RN N NN NN NN NN * ok

+ + + + + + + + + + + + F + +F F o+t

Ol
HETURNING

+ + + + + + + + + + + + + +F + + F +F A FF + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + +F F F FF A+ FFFFFEAFFAFEAFFAFEAFFEAFEFEFEFE S

i,

-
+
*
*
*
*
*
*
*
* *
-
*
*
*
*
*
*
*
*
*
*
*
*
*
*
. !
*
*
*
* Y
*
*
. d .
*
*
*
*
* )
*
*
) *
+ ik, Vg,
- - o = LY rma + MW BN RS W MEW PR -
* +‘
. R N )
- —_—
+
* - o —— e —— o —— o —— Far we W e
- n
* + -5 I
* + ~Viagiianl T —— + i
* + +
- M oW e rm H g WY wr rmorm o W Lo ] r -"-"“I-"'- -
*
*

+ + + + + +
+ + + + + +

+
+*
+
+
+*
+
+
+*
+
+
+*
+
+
+*
+
+
+*
+
+
+*
+




U.S. Patent Aug. 31, 2021 Sheet 2 of 25 US 11,105,537 B2

F10.4

+
+
+
+
+
+
+*
+
+
+* +*
o+ +
+
+
+
+
+
+*
+
+ +*
+
+
+
+
+

23- 24

+ + 4+ + + + + + + +
P o

+
+ + + + +
e

2

F1(.3

SENSOR VOLTAGE
Vs V]

+ +
+ +
+ 4+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+

MAAE AN S A ST W ST A R B A
-+

ENVIRONMENT TEMPERATURE
Tatm [°C]



U.S. Patent Aug. 31, 2021 Sheet 3 of 25 US 11,105,537 B2

1G4

" SENSOR
91E OUTPUTS GAS

JYES $2
. OPEN ELECTROMAGNETIC |
| VALVE &

++++++++++++++++++++++++++++++++++++++++++++++++++++++++
+

NO

" PREDETERMINED ..
. TIME PASSED? "

“JYES Q4
| CLOSE ELECTROMAGNETIC
 VALVES

SENSOR 81E
OUTPUTS GAS
VOLTAGE?

+
+
+
+
+
+
+
+

++++++++++++++++++++++++++++++++++++++++++++++++++++++++

PREDETERMINED
TIME PASGEDT

+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++

+
+
+
+ +
+
+
+
+
+
+
+
+
+ +
+ +
+ +
-+
+ +




US 11,105,537 B2

Sheet 4 of 25

Aug. 31, 2021

U.S. Patent

-G

|

}

LA B B B N BN R BB BEBEEBEEBERBEEBEEBBEEBEBEEBEEBEERBEBEEBELEEBELERBBEBEEEBEBEBEBEBEERBBEERBEEBELEBEBEREBEBEBEBEBEEREBEBIEBRBBIBEBINEBIENEIEIEIBIENEIIEZMJIIEZIEBM.]I

+ + ¥+ + +

+ #

.—.'
+ + + + + + + + + + + + + + F F F FFFFFFFAFEFFAFEAFFAFEAFFEAFEAFFEAFEAFEAFEAFEAFEFEAFEFEFEAFEFEFEFE S

4
+ &+
LI e e P
+ + + + +

+ + + + + + + + + F + FF+ o+

+ + *+ + + + + + F ¥ +F F F FFFFFFFFEFF
+ + + + + + + + + + +F + + + + +F FFFFFFFEFEFEEFEFEFEEFEFEFEFEEFEEEE

+ + + + + + + + + + + F + F F A+ FFFFFAFFAFEAFFFAFEFFEAFEFEFEFEFF

+ + + + + + + + +F + F F A+ FFFFFEFFFEFFEFEFFEFEFFEFEFFEAFEFFEFEFFEFEFEFEFEFFEAFEFEFEFEF

+ + + + + + + +F + + F +F F F A+ FFFEFFFEFFFEFFEFEFFEFEFFEFEFT
+ + + +

|

+ + + + + + + + + F + + +

+

+ + + + + + + + + + + + ¥ +F + + o+
+

+ + + + + + +

1R
RETURNING

0O

+ 4 + + + + + + + + + + + + + +F + F FF A FFES

+
+ + + + + + + + + + + ++ + F+F+ F+FF+F Sttt + + + + + + + + + + + + + + + + F+F A+ F Sttt

+ + + + + + * + + + + + + + ++ A+ttt

+ + + + + + + + +

+ + + + + + + + + +
+

+

+ 4+ + + + + + F +F + F A FFFES

+ + + + + + + + +F F F F o+ FFFEFFFEFFEAFEFFEAFEFAFEAFEFAFEAFEAFAFEAFEFFEFE A F

+ + + + + + + + + + +F + + F + + + + +F F +

+

]

K

+
+

+ + + + + + + + + + + + + + +t + F A

+

LB B BB NN

CEE] 3= 3 3N KN [ ar)




S. Patent Aug. 31, 2021 Sheet 5 of 25 S 11,105,537 B2

1.6

+ + + + + + + + + + + F+ + F+Ft+F+ Sttt

+ + + + + + * + + F + + + + + +Ft+ + Attt

SENSOR
g2F QUTPUTS Ol

PREDE TERMINED

e " TIME PASSED? |
OPEN ELECTROMAGNETIC
VALVE 8

PREDE TERMINED

EDE 1
CLOSE ELECTROMAGNETIC TIME PASSED?
e 518

+ + + + + + + F + F F A+ FFFFFFFFFEFFFEFFEAFEFFEFEFEFEFEFFEAFEFFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEAFEFEFEAFEFEFEFEFEFEAFEFEFEAFEFEFEAFEFEFEFEFEEFEFEEFEFEEFEFE+

+
+
+
+
+
. - +
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+ +
+
+ +
++:++++++++++++++++++++++++++++++++++++++++++++++++++-I--I-+++++++++++++-I--I-++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++

+




US 11,105,537 B2

Sheet 6 of 25

Aug. 31, 2021

U.S. Patent
F1G.7

4

+ + + + + + + + + + + +

4

+
+ + + + + + F + F F F FFFFFEFFFEFFFEFFEFEFFEFEFFEFEFFFEF

+

|

LB N N B BB EBENEEBEEBEBEBEEBEBEEBEEBEBEEREBEERBERERBEEEBEREBEBEEEBEBEBEERBEEBRBEEERERBEEBEEBEBEBEBEBEEBEBIEIBEEIBEINEBEIEIEIEEIEIEZNEIIZEBJEIEZJZS:.,]

+ + + + + + + + + + + + + + + + +F + + +F +F + +F +F F F FFFFF

1 “inininteinieininieintetninteinteininie

+ + + + + + + + +

£
L1}
-
]
@
1L
jresce
i
-
2

+ + + + +

+

+

+'
+ + + + + + + + + + +F + o+ + + + + + + F + F FF FFFFFEFFFEFFFEFFFEFFFEFFFEFFFEFFFEFFEFEFEFEFEF T

4
+ + &
NI I e el P
+ + + +* +

+ *+ + + + + + +F + + +

LN B B I RN BN EEN

ENX: BN KN ECE ENr EXJ KN [EX] I EEN ENEr: 3N KN 3N EN "IXJ EN [E] BN [3X] 3X= £ 3N EN "IXJ EIX "IN] EN [I] 3XE LI I3 KN 3N EN "IXJ EIX "IN] EN [IX] IXE LI’ 3N KN L) ENE EXJ EIN 3] EN [3X] EN

+
+
+*
+
+
+*
+
+
+*
+
+
+*
+
+
+*
+
+
+*
+
+
+*
+
+

+ + + + + + + + + + + + + + + ++ +t Sttt

+°

+ + + + + + + + F F F F A+ F A FFEFFFEFFFEFEFEFEFFE A F +* + + *+ + + + + + + + + F + +F A+ FFFFFEFFFEFFEFEFFFEFFEFEFFEFEFFFEFFFEFFE

+* + + + + + + F + + + + F F +F A FFFFFAFFFAFEFFEFEFFEAFEAFFEFEFT

|

+ + + + + + + F + + + + + + + + F At

+ + + *+ + + + + + + + + +

+

+ + + + + + + + F o+ F
+*

+ + + + + + + + + + + + + + + + +

*

RETURNING

Gl

+

+ + + + + + + + + + + + + + + + + +t F+FF

+
+ + + + + + *+ + + + + + ++ + +++t Attt + + + + + + + + + + + + + + ++ S+ttt

*+ + + + + + F F FFF F A FFEFFFEFFEFEFFFEFFEF



U.S. Patent Aug. 31, 2021 Sheet 7 of 25 US 11,105,537 B2

F1G.8

+++++++++++++++++++++++

++++++++++++++++++++++

+ f,'
+
5
n
+
+
+
+
+
+
-
+
&
.
+
+
-

SENSOR S1E
OUTPUTS GAS
VOLTAGE?

“SENSOR 92F
OUTPUTS OIL

JYES 530

22

+
&+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+*
+
+
+

+++++++++++++++++++++++++++++++++++++++++++++++++++++++++

| OPEN FLECTROMAGNETIC |
VALVE 7

+ +
+++++++++++++++++++++++++++++++++++++++++++++++++++++++++

" PREDETERMINED .
e _TIME PASSED? _—"

+ +
+ +
+ +
+ +
+ +
+ +
+ +
+ +
+ +
+
+ +
+*
+ +
+ +
+ +
+ 4
+ +
+ +
+ +
+ +
+ +
+
+ +
. . ”
+
+ +
+
+ +
+ .. Tt
+ E +
+ +
+ +
+ +
+ +
+
+ +
+
+
+ +
+

TTYES S37

CLOSE ELECTROMAGNETIC |
NO | VALVET

SENSOR S1E
OUTPUTS GAS
VOLTAGE?

+++++++++++++++++++++++++++++++++++++++++++++++++++++++++

" PREDETERMINED ]
e _TIME PASSED? "

+ +
+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++

+ +
+
+
+ +
+ +
+
+ +
+ +
+ +
+ +
+ +




S. Patent Aug. 31, 2021 Sheet 8 of 25 S 11,105,537 B2

F1G.9

L N N N SR BB BB BB EEBEEREBEEBEIEMNEBIEMNIEIEIEIEIEILLE.]I

LN B N N N I I I I N NN

+* + + + + + + + +F F F F FFF A FFFFFFFEFEF A FF + + ¥+ + + F ¥ +F F + +F o+

+ + + + + + + + + + + + + + + + +F +F F + +F F+

OIL
RETURNING

+

+ + + + + + + + + + F +F FF FFFFFFFFEFFFFT + + ¥+ + + F ¥ +F F + +F o+ *+ + + + + + + + + + + + + + + + + + + + F + + F +F + +F +F F F A+ FFFFFFF

alk

BETWEEN LOW
SHELL AND MOTOR

+Rr AT BN TR TRET IR T B TR TN RN T B T TR ] E |

+ + + + + + + + + + + + + + + + + + + + + +F + + F A+t

+ + +

+

4 iy

+ + + + + + + + + ¥ + + + + + + F + + F + + + +

+ + + + + + + + + + F + + F +F + + F+F

‘K ininininieieinininininininiuinininininds 2 RRNI e b )

+ + + + + + + + + + + + +F F o FFFFE

L N N N N NN N N N N BN

+ + + + + +
+ + + + + +

* + + + b kb kS




U.S. Patent Aug. 31, 2021 Sheet 9 of 25 US 11,105,537 B2

F1GA0

~“BENSOR 91M el

OUTPUTS GAS

NG

TIYES $42

| OPEN ELECTROMAGNETIC
| VALVE 8

+ +
+++++++++++++++++++++++++++++++++++++++++++++++++++++++++
+ +
+ +
+
+
+ +
+
+
+ +
+ +

+ +
+
+ +
+ +
+ +
+
+ +

+

+

+ +
+
+ +
+
¥ +
+ +
4 +
+ +
+ +
+ +
+ +
+ +
E +
+ +
-+
+
+ +
+
+ +
+ +
+ +
+ +
+ +
+ +
+ +
+ +
+ +
+
f Y L

 CLOSE ELECTROMAGNETIC
 VALVES

“SENSOR 91M
OUTPUTS GAS

YES S48

+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+

| OPEN ELECTROMAGNETIC |
| VALVE 7 *

+
++++++++++++++++++++++++++++++++++++++++++++++++++++++++++

+ +
+ +
+ +
+ +
+ +
+ +
+ +
+
+ +
+
+
+ +
+ +
+ +
+ +
+ +
+ +
+ +
+
+ +
+ +
+ +
+
+
+ H +
+
+ +
+ +
+ +
+ Iy ry +
+ +
+ . +
+ +
+ +
+ +
+
+
+ +
+
+
+ +
+ +

TIYES Q48

| CLOSE ELEGTROMAGNETIC
 VALVE7

+
+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
+

+
+
+
+
+
+ +
+
+
+
+
+
+
+
+
+ +
+ +
+ +
hy
+ +




T

-
ar Ty e e el

|

B

+ + *+ + + F + +F F F FFFFFFFFEFEFFEFFEFEFEFEFEFEFEEEEFE + + + + +

US 11,105,537 B2

}

+ + + + + + + + + + + + + F + + F + F FF A FF A AFAFAFFAFEAFFFEAFEFFEAFFAFEAFEFFEAFEFAFEAFEFEFEAFEAFFEAFEFFEAFEFFEAFEFFEAEFFEAFEFFEAFEFEFEAFEFEFEAFEFEFEAFEFEFEAFEFFEAFEFFEAFEFFEFEFEFEFEFEEE

+
+
L N B BN N NN NN N N NN N NN N NN NN

1

+ + + + + + + + +

£x.
L1}
-]
]
o,
d
jroce
=
3
3

+ + + + +

+*

+* *

+
* + &+ ko F .—..—..—..—..—..—..—..—..—..—..—..—..—..—..-..—..—..—..—..—..—..—..—..—..—..—..—..—..—..—..—..—..—..—..—..—..—..—..—..—..—..—..—..—..—..—..—..—..—..—..—..

4
+ + +
NI T e el P
+ + * + +

* + + F + + F F +F FFFFFFFEFFEFEFFEFEFF

+ + + F+ + + F A F T

|

R TURNING

CEI. EE KX EEN EN INJ] KN [I] I [l NN [ N3 KN EENE EN 'INJ] KN [EX] B3N [I] XN LI JEENE EN IN]J] EN IX] EIN [I] XN [ X3 KN EEE EN 'IN]J] EN IX] EN [I] XN [ N3 KN ) EN 'IXJ] EINX 3] N [I]1 KN

+*
+
+
+*
+
+
+*
+
+
+*
+
+
+*
+
+
+*
+
+
+*
+
+
+
+

*+ + + F+ + + F F F FFFFFFFEFFFEFFFEFFEFEFFEFEFFFEFEFEFEFEFFEF

Sheet 10 of 25

*

L L B B N N R SR BB B EEEBEEEBEREBEEIEBNEBIENIEIIEIEIESM:E. L B N R R BEEEBEEEBEBEEEBEEBEEBEEBERBEEEBEREBEEEBEEIEIEIEIBENEIEIMNEIEIENEIEIEZSLEILE.,:

L
+
+

+ + + ¥+ + +

* + + F + F FF FFFFFFFFEFFEFEFFEEFEFEFEFEFEFEFEFEEFEFEEEFEEE
+ + ¥+ +

}

+ + + F+ + + F + + F F F A+ FFEF

LN B L B B N N N R A

+
+ + + + + + ¥ + + ¥ + + + + +

+ + + + + + + + + + + + ¥ + + + + +
+

+ + + + + + + + + + + + + + + + +

*

RETURNING

Aug. 31, 2021
OIL

+ + + + + + F + F F F F A+ FFFFFEFFFEF

+ + *+ + + F + + + A FFFEFFEFEFFEFEFFEFEFEFEFEFFEF + + + + + + + + + + + + + + + + F + + F FFFF A F A FAFEAFF A

LN B N N N N N I N I N N NN NN

U.S. Patent
FI1G. 1



U.S. Patent Aug. 31, 2021 Sheet 11 of 25 US 11,105,537 B2

FIG.12

+++++++++++++++++++++++

++++++++++++++++++++++

+ S5E
+
+
+
+
+
+
+
-+
+
&+
+
+
+
+
+
+
+
+ +
+
+

“SENSOR 91M
< OUTPUTSGAS =

+ 859
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+

“SENSOR 82F
OUTPUTS OIL

+
+
+
+
+
+
++++++++++++++++++++++++++++++++++++++++++++++++++++++++ . Sﬁﬂ
+

+ +

+ . +

+ +

+ +

+

OPEN ELECTROMAGNETIC
VALVE 7 ;

Sad

""" PREDETERMINED |
e TIME PASSED? "

TYYES 554
CLOSE ELECTROMAGNETIC
| VALVE 8 | _ -+ '
LYES 352
SHie CLOSE ELECTROMAGNETEC
WNO I VALVE 7 ;

+ +
+++++++++++++++++++++++++++++++++++++++++++++++++++++++++

+ +
+ +
+ +
+ +
+ +
+ +
+ +
+ +
+ +
+ +
+
+ +
+
+
+ +
+ +
+ +
+ +
+ +
+ +
+ +
+ +
+ +
+ +
+
Iy . . +
+
+ H
+ +
+
+ " . y +
+ i +
+ = +*
+ +
+ +
+ +
+ +
+
+ +
+

SENSOR 81M
OUTPUTS GAS

OPEN ELEGTROMAGNETEC
VALVE 7/

++++++++++++++++++++++++++++++++++++++++++++++++++++++++

" PREDETERMINED —~._]
T JIME PASSED? "

GLOSE ELECTROMAGN e
| VALVE 7

+ +
+
+
+ +
+ +
+
+ +
+ +
+ +
+ +
+ +




"H ECI [EX] Bl L3 3N LI EENE KN EEJ EN IXJ I [IX] I CIX = LI EENE KN EEJ EN INXJ KN [I] BN LI ¥ [ X3 KN EEJ] EN INXJ KN [IX] BN [IX ¥ [ X3

3

B

+ + *+ + + F + + F + F FFFFFFFEFEFFEFEFFEFFEFEFEFFEFEFEFEFEFEFEFEEEFEEEEE

US 11,105,537 B2

}

+ + + + + + + + + + + + + F + F FFFFF A FFAFFFAFFFAFEFFEAFEFFEAFEFFEAFEFFEAFEFFEAFEFFEAFEAFFEAFEFFEAFEFFEAFFFEAFEFEFEAFEFFEAFEFFEEFFE

o R i nininin
1.

+ + + + + + + + + & + + ¥ + + & + + + + +

LB B B N BN BN NENEN

1

+ + + + + + + + +

— ——r
— ——
— ——r
— ——r

+ + + + +

L

*
+
* + &+ ko F LA L B NN N N RSB E BB EEEBEEEEBEEBEEEEEBIERBIEBINEIEIIEIMNEIEZIEZMNIEZIEZIZE NI SIS,

4
+ + +
+
+*
+ + * + +

* + + F + + F F +F FFFFFFFEFFEFEFFEFEFF

+ + + F+ + + F A F T

it
RETURNING

CEI. EE KX EEN EN INJ] KN [I] I [l NN [ N3 KN EENE EN 'INJ] KN [EX] B3N [I] XN LI JEENE EN IN]J] EN IX] EIN [I] XN [ X3 KN EEE EN 'IN]J] EN IX] EN [I] XN [ N3 KN ) EN 'IXJ] EINX 3] N [I]1 KN

+*
+
+
+*
+
+
+*
+
+
+*
+
+
+*
+
+
+*
+
+
+*
+
+
+
+

*+ + + F+ + + F F F FFFFFFFEFFFEFFFEFFEFEFFEFEFFFEFEFEFEFEFFEF

+
L L B B N N R SR BB B EEEBEEEBEREBEEIEBNEBIENIEIIEIEIESM:E. & L B N R R BEEEBEEEBEBEEEBEEBEEBEEBERBEEEBEREBEEEBEEIEIEIEIBENEIEIMNEIEIENEIEIEZSLEILE.,:

Sheet 12 of 25

+ + ¥+ +

* + + F + F FF FFFFFFFFEFFEFEFFEEFEFEFEFEFEFEFEFEEFEFEEEFEEE

+ + + F+ + + F + + F F F A+ FFEF

LN B L B B N N N R A

+
+ + + + + + ¥ + + ¥ + + + + +

+ + + + + + + + + + + + ¥ + + + + +
+

+ + + + + + + + + + + + + + + + +

+ 2,

RETURNING

Aug. 31, 2021
OIL

3

+ + + + + + F + F F F F A+ FFFFFEFFFEF

+ + *+ + + F + + + A FFFEFFEFEFFEFEFFEFEFEFEFEFFEF + + + + + + + + + + + + + + + + F + + F FFFF A F A FAFEAFF A

LN B N N N N N I N I N N NN NN

U.S. Patent



S. Patent Aug. 31, 2021 Sheet 13 of 25 S 11,105,537 B2

1G4

+ + + + + + + + + + + + +t +F A+ttt A

+ + + + + + + + + F + + + +F +FF+F Attt

+
+*
+
+
+
+
+
+
+
+

+

SENSOR 82F
QUTRPUTS QGlL
VOLTAGE?

+

+*

L I N B I B B
+
F

OPEN ELECTROMAGNETIC

VALVE 7

GYES +

+

+
+

VALYVE 8

+
L N N N N N BN N B B B

* =+

+
+
++++++++++++++++-I-++++++++-I-+++++++++++++++++++++++++++++++

+ + + + + + o+ FFEF A+

+ + + + + F + + +

+ +
+
E33
+
*
+
+ .
1+l +
+
.+
+
*
+
+
*
. . +
+
+
+ 1+
 E
+
+
*
+
*
+
+ +
* *
+ +
+ +
* : *
+ +
+ +
* *
+ +
+ +
* *
+
+
*
+
+
+
+
* *
+
+ +
Y *
+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++H++++++++++++++++++++++++++++
+
+
-
A
+
F,
+
+ +
*
+




!
!
!
!
i
i
i
;
i
!
§
!
!
!
!
i
i
i
;
i
!
§
!
!
!
!
i
i
i
;
i
!
§
!
!
!
!
i
i
i
;
i
d

s,

+ + ¥+ + +

*1‘

+*
+ + *+ + + F ¥ + F F F FFFFFFFEFFFEFEFFEFFEFEFEFEEFEFEFEEFEFEFEFEFEEEFEEEF

L

+ + + F+ + + F A F T

+

LA L B BN N N B N N I NI I NN

US 11,105,537 B2

}

+ + + + + + + + + + + + + F + + F + F FF A FF A AFFAFFAFEAFFAFEAFEFAFEAFEFAFEAFEFEFEAFEFAFEAFEFEFEAFEAFFEAFEFFEAFEFFEAFEFEFEAEFFEAFEFFEAFEFFEAFEFEFEAEFEFEAFEFEFEAFEFFEAFEFFEAFEFFEFEFEFEFEFEF T

+ + + + + + + + +

— ——r
— ——
— ——r
— ——r

+ + + + +

L

*
+
* + &+ ko F LA L B NN N N RSB E BB EEEBEEEEBEEBEEEEEBIERBIEBINEIEIIEIMNEIEZIEZMNIEZIEZIZE NI SIS,

4
+ + +
+
+*
+ + * + +

* + + F + + F F +F FFFFFFFEFFEFEFFEFEFF

:

RE TURNING

CEI. EE KX EEN EN INJ] KN [I] I [l NN [ N3 KN EENE EN 'INJ] KN [EX] B3N [I] XN LI JEENE EN IN]J] EN IX] EIN [I] XN [ X3 KN EEE EN 'IN]J] EN IX] EN [I] XN [ N3 KN ) EN 'IXJ] EINX 3] N [I]1 KN

+*
+
+
+*
+
+
+*
+
+
+*
+
+
+*
+
+
+*
+
+ A ALE BAE RS EaE
+*

+

+

+

+

*+ + + F+ + + F F F FFFFFFFEFFFEFFFEFFEFEFFEFEFFFEFEFEFEFEFFEF

Sheet 14 of 25

+
L L B B N N R SR BB B EEEBEEEBEREBEEIEBNEBIENIEIIEIEIESM:E. & L B N R R BEEEBEEEBEBEEEBEEBEEBEEBERBEEEBEREBEEEBEEIEIEIEIBENEIEIMNEIEIENEIEIEZSLEILE.,:

* + + F + F FF FFFFFFFFEFFEFEFFEEFEFEFEFEFEFEFEFEEFEFEEEFEEE
+ + ¥+ +

}

+ + + F+ + + F + + F F F A+ FFEF

LN B L B B N N N R A

+
+ + + + + + ¥ + + ¥ + + + + +

+ + + + + + + + + + + + ¥ + + + + +
+

+ + + + + + + + + + + + + + + + +

*

RETURNING

Aug. 31, 2021
OIL

+ + + + + + F + F F F F A+ FFFFFEFFFEF

+ + *+ + + F + + + A FFFEFFEFEFFEFEFFEFEFEFEFEFFEF + + + + + + + + + + + + + + + + F + + F FFFF A F A FAFEAFF A

LN B N N N N N I N I N N NN NN

U.S. Patent



U.S. Patent Aug. 31, 2021 Sheet 15 of 25 US 11,105,537 B2

+++++++++++++++++++++++

++++++++++++++++++++++

+ 581
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+ +
+
+

" SENSOR $1E
< OUTPUTSGAS =

+ 889
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+*

“"SENSOR 92F
OUTPUTS OIL

+
*
¥
+
*
¥
+

++++++++++++++++++++++++++++++++++++++++++++++++++++++++ . Sgﬁ
+ +

+ . +

+ +

+ +

+

OPEN ELEGTROMAGNETIO
VALVE 7 ;

S84

""" PREDETERMINED |
e TIME PASSED? "

TJYES 584
CLOSE ELECTROMAGNETIC
 VALVES _
$85 S92

N0 PorLosE ELECTROMAGNETIC
VALVE 7 ;

+ +
+++++++++++++++++++++++++++++++++++++++++++++++++++++++++

~SENSOR 92E
< OUTPUTS GAS

SENSOR S1E
OUTPUTS GAS

OREN ELEGTROMAGNETEC
VALVE /

++++++++++++++++++++++++++++++++++++++++++++++++++++++++

SENSOR 82E
 OUTPUTSGAS

CLOSE ELECTROMAGNETIC
VALVE 7

+
+ +
+
+
+ +
+ "3
+ "
+ &
+ +
+
+ H +
+ +
-+ +
+ +
+
+ +




S. Patent Aug. 31, 2021 Sheet 16 of 25 S 11,105,537 B2

FIG.T

LA B B N N B R RSB B BB E BB EREBERBNEERERNEIEMNEEBIENIEIEMSEIEILELME.I

L B B BN B N N I NN

+

+ + + + + + + + + ¥ + + + F +F F F A FFFFFEFFF + + + + + + + + + + + + + +

+ + + + + + + + + F + F F A+ FEFFFEFF

OIL.
RETURNING

+

+ + + + + + + + + + + + + + F + + F F FFFFF A FF + + + + + + + & + + + + + + + + + + + + + + + + + + + + F F F F A+ FFFFFEFFEAFEFEFEFEFEFEAFEFFEFEFFFF

+ +

1T MOTOR
PORTION

S

+ ENE IXJ KN

A3 O
¥

TURNING

+ + + +
+

+ + + + + + + + + + + + + + + + + + + + + + +F+ ++F++F+F+

+ + + + + + + + +F + A+ FFEFFFEF T

+ + + + + + + + + + + +F +

+
+ + + + + + + + + + +F F F

+

Figur wr - —— — —— — —— - —— -u

K
:

.+

hr—--r--—r-!-r-!-r-!
|+ |

-‘-I-‘-d

N KN EEI EN 'EXJ KN [CEr] M © N EIEC I3 EN EENE KN IX] KN [I] I [I IXr¥E LIX I3 KX N KN :d




S. Patent Aug. 31, 2021 Sheet 17 of 25 S 11,105,537 B2

+

SENSOR 91k
QUTPUTS GAS

+
+
*
+
+
*
. H
+*

+ +
+

+*

+ + + + + + + + + + + +F + + F + + F F A FFFFAFEFFAFAFFFAFFAFEAFFFEAFEFAFFFEFEAFEFFEAFFEAFEFEFEFEFEFEAFEAFFEAFEFEFFEFEFEAFEFEFEFEFEFEFEFE A F + + + + + + + + + + + + +

CUTPUTS OIL

OPEN ELECTROMAGNETIC VOL TAGE?D

VALVE 8

+ + + *+ + + F + + + F +F F FF S+ FFEFFFEFEFFEFFFEFFEFEFFEFEFFEFFEFEFEFFEFEFFEFEFFEFEFFEFEFEFEFEFFEFEFFFEFFE S F

* + + + + + + + + + + + +

OPEN ELECTROMAGNETIC
VALVE 7

+
+ + 4+ + + + + + + + + + +

5104

+
+ + + + + + + + + + + + + F F o+ A FFFFAFEAFAFEAFEAFFAFEAFEAFEAFEAFAFEAFEAFEFEAFEAFAFEAFEAFEFEAFEAFEFEAFEAFEAFEAFEAFEAFEAFEFEAFEAFEFAFEFEFEFEAFEFEAFEAFEFEFEFEFEFEEF A F

GLOSE ELECTROMAGNETIC
VALVE 8

+ + + *+ + + F F F FFFFFFFEFFFEFFEFEFFEFEFFEFEFEFEFEFEFEFEFFEFEFEFFEAFFEFEFEFEFEFEFEEAFFEFEFEFEFEAFFEFEFFEFEFEFEFEAF

+ + *+ + + + + + + ¥ + + + +

YES 5113

+ + + + + + F F F FFF o FFFEFFFEFFFEFFFEFFEFEFFEFEFFEFEFFEFEFFEFEFFEFEFFEFEFFEFEFFEFEFFEFEFFEFEFFEFEFFE T

CLOSE BELEGCTROMAGNRETIC
VALVE 7/

+ + + + + + + + + &+ F F FFFFFEFFAFEFFAFEFFEAFEAFAFEAFEAFAFEAFEAFAFEAFEAFAFEAFEFAFEAFEFAFEAFEAFEAFEAFEAFEAFEAFEFEAFEAFEFAFEAFEFEAFEAFEFEAFEAFEFAFEAFEFEFEAFEFFEFEFFE
+*

+
+
+ + + + + + + +

LYES .-

+*

ot

1+
+*
+
+
+*
+

OPEN ELECTROMAQGNETIC
VALVE 7

+
+
+*
+
+
+*
+
+
+*
+
+
+*
+
+

+
+ + + + + + + + + + + + + + + + + +

CLOSE
ELECTROMAGNETIO
VALVE 7

+ + + + + + + + + + + + + + + + + + +
+ + + + + + + + + + + + + F +F FF o+ F A F A EFEFFFEFEE A F

+-
+
+*
+
+ + +
+*
+ +
+ + + + +
+ &
+
+
+
+
+ +
+
+*




US 11,105,537 B2

Sheet 18 of 25

Aug. 31, 2021

U.S. Patent

F1G.19

|

E-l- EEE [ I3 KN

k

+
* ok
+

LN B B N N E N R EEENN ko

}

+ + + + + + F + +F F F F FFFFFFFEFFFEFFFEFFFEFFFEFEFEFEFFEFEFFEFEFFEFEFFEFEFEFEFEFFFEFFFEFFFEFFEFEFFFEFFEFEFFEFEFFEFEFFEFEFFEFEFFFEFFE A+

LI I B B B N B

+ + + + +

+

+

* + + + + F + + F + +F FFFFFFFEFEFFEF S

&)
1
+ + + + + + + + + + + + + + + + + + + + + + F F F F o+ FFFFFEFFEFEFFEFEFEFEFEAFFEFEAFEFFEAFFEFEAFFEEAFEFEFEFEEEFEFEEF
+
+*

.l”l N
* +* +*

H

RETURNING

+
+*
+
+
+*
+
+
+
+
+
+*
+
+
+*
+
+
+*
+
+
+*
+
+
+*

+ + *+ + + F + + F + F F F FFFFFFFFEFFFEFEFFEFEFEEFEFEEEFEFEEEES

+ + + + + + + + + + + + + F F FFF A FAFEAFAFEAFEAFEAFEAFEAFAFEAFEAFAFEAFEFE A F + + + + + + + +F + F F A+ FFFEFFFEFFAFEFFEAFEFAFEAFEFAFEAFEFAFEAFEFAFEAFEFFEAFEFFEAFEFEFEAFEFEFEFEF

LA L B N B RSB B BB EEBEEEEBERBNEERERNEIEIENBIEINEIEIEDZLEIEZIEZS..]

}

+ + + + + + + + + + + + +

+

+ + + + + + + + + + + + + + + + + +
+

+ + + + + + + + + + + + + + + + +

*

RETURNING

QiL

+ + + + + F ¥ +F + F F F A+ FFFFFFEFEFFEFFEF

+
+ + + + + + + + + + + + + F + +F FFFFFF 4+ + + + &+ + + + + +F At FFE S+

+ + + + + + + + + + + + + F +F + + F o FFFFFFF

+

e

+ + + + + F ¥ + F F FFFFFFFFFFF

+

]

K

+
+

+
+
+*
+
+
+*
+
+
+*
+
+
+*
+
+
+*
+
+
+*
+
+
+*
+
+

+ + + + + + + + + + + + + o+

+*

KN R

-
i
i
i
;
§
!
§
!
!
!
i
i
i
i
;
i
!
§
!
!
!

¥




S. Patent Aug. 31, 2021 Sheet 19 of 25 S 11,105,537 B2

+
* + + + + + + F F FF FFFFFEFFFEFFFEFFFEFFFEFFEFEFEFEFEFFEFEFFFEFFEFEFFEFEFFEFEFFFEFFFEFEFFEFFEFEFFFEFFFEFFFEFFFEFFFEFFEFEFFEFEFFFEFF A F
+*

o122

+
+*

+* + + F+ + + F o+ FFFFEFFFEFEFFEFFEFEFFFEFEFEFEFFEFEFEFEFEFEFEFEFFEFEFEFEFEFFEFEFFFEFEFE A+

OPEN ELECTROMAGNETIC

+
++++++++++++++

VALVE &

+ + + + + + + + + + + + + + + + +F + + F +F + F F F FF A FAFAFAFAFEAFAFAFEAFAFAFEAFFFEAFEFFEFFAFFFFEFEFEAFEFEFEAFEFEFEFEFEFEAFEFEFEEFEFEFEFEFEAEFF

+ + + + + F+ + + F + + + +

OPEN ELECTROMAGNETIC
VALVE 7

+
+ + + + + + + + + + + +

+

~85124

o+
* + + F + + F F F o+ FFFFFEFFEFEFFEFEFEFEFEFFEFEFEFEFEFEFEFEFFEFEFFEFEFFEFEFEFEFEFEFEFEFFEFEFEFEFEFFEFEFFEFEFEFE

CLOSE ELEGTROMAGNETIC

VALVE &

+ + + + + + + + + + + + + F +F A+ FFFFAFAFAFAFEAFAFAFEAFEAFEAFEAFAFEAFEAFEFEAFEAFEAFEAFEAFFEAFEAFEFEAFEAFEAFEAFEAFEFEAFEAFEAFEAFEAFEAFEAFEFEFEFEAFEAFEAFEFEFEFEFEFEAFEF A F

+ + + *+ + + F ¥ + F + +

YES 5133

+
+
+ + + + + + + +

* + + + + + F F F F FFFFFFFFEFFAFEFFEFEFEFEAFEFEFEFEAFEFEFEAFEFEEAFEFEFEAFFEAFEAFEFEFEAFEFEEAFEFEEAFEFEEAFEFEEAFEFEEAFEFEEAFEFEEAFEFEEFEFEEFEFEEFE

GLOSE ELEGTROMAGNETIC

VALVE 7

+ + + + + + + & +F F F F o+ FFFEFFFEFFEAFEFFEAFEFAFEAFEFAFEAFEFFEE A F

+ + + + + + + & +F F F F o+ FFFEFFFEFFEAFEFFEAFEFAFEAFEFAFEAFEFFEE A F

YES 5126

OPEN ELEGTROMAGNETIC
VALVE 7

+
+
+*
+
+
+*
+
+
+*
+
+
+*
+
+

+
+ + + + + + + + + + + + + +F + + ++

CLOSE
ELEGCTROMAGNETICS
VALVE 7/

+ + + F+ + + F + +F F F FFFFFEFEFFEFFFEF

+* + + + + + + + + + + + & + + + + + +

o+

+
+ + +

+

+
+*
+
+
+*
+
+
+*
+
+
+*
+
+
+*
+
+
+*
+
+
+*
+
+
+*
+
+
+*
+
+
+*
+
+
+*
+
+
+*
+
+
+*
+
+
+*
+
+
+*
+
+
+*
+
+
+*
+
+
+*
+
+
+*
+
+
+*
+
+
+*
+
+
+*
+
+
+*
+
+
+*
+
+
+*
+
+
+*
+
+
+*
+
+
+*
+
+
+*
+
+
+*
+
+
+*
+
+
+*
+
+
+*
+
+
+*
+
+
+*
+
+
+*
+
+
+*
+
+
+*
+
+
+*
+




US 11,105,537 B2

Aug. 31, 2021 Sheet 20 of 25

U.S. Patent
F1G.21

!
!
!
!
!
i
i
!
i
!
§
!
!
!
!
!
i
i
!
i
!
§
!
!
!
!
!
i
i
!
i
!
§
!
!
!
!
!
i
i
!
i
d

+ + + +

-

\
1M

+*

+

+

N
+

+

+ + + F + + F F F FFFFFFFEFFFEFFEFEFFEEFEFEFEEFEFEEEFTE

|

+ + + + + F F F F F FFFFFEFFFEFFEFEFFFEFEFEFEFEFEFEFEEEFEFEFEFEFEEFEFEFEEFEFEEFEFEFEEFEFEFEEFEEFEEFEEEFFEFEEEFEFEFEFEFEFEEFEFEEEFEFEFEEEEEFEEFEEEEEEEEFEEEE

+
+*
+ + + F ¥ + F F F F A+ FFFEFEFFEFEFFF

1

!
S2E

+ + + + + + + + +

— ——
—
—
—

+ + + + +

I I I I I I

L]

+*
+
L I N N BN N N BN N B N NN B N LA N NN NS RSB EBE BB EEBEEEBEEEBEEREBELEBEEIEEIEBIEIBEINEIEIIEIIEZIEJIEIEZJSIN,

4
+ + +
-+
+*
+ ¥ + +* +

L B B BN N N N NN NN

+ + + + + + + + + ¥ + + + + + + + +

:

RETURNING

CEC: IXE KN EEN EN IXJ] KN [I] BN [l NN [ N3 KN EEN KN 'IXJ KN [I] I [I] 3NN L JEN EN IX]J] EIN IN] Il [I] IN¥E [ N3 KX JEEN EN IXI KX EfI [Er] XN [EX 3N KN | ar) EN IN]J] EN 3] N [ EN

+*
+
+
+*
+
+
+
+
+
+*
+
+
+*
+
+
+*
+
+
+*
+
+
+
+

LA B B B N N N N NN NN N EEEEEEIEINEEEENENNENINEZNIEZS]

+
LA B B B N N N NN NN N EEEEEEENEENENENEINEEEEN,. & LI B BN NN N B RSB EBEEBEBEEBEEEBEEEBEEBEINEIEIMNEBIENIEIIEZIIEZIEZIIZIEZSE NI,

* + + F + +F F F F A FFFFFEFEFEFEFEFFEFEFEFEFEFEFEFEFEFEFEFEEFEFEEFET
* + * +

|

LA B B B N N N NN NN EN

+ + *+ + + F+ + + + + + + +

+

+ + + + + F ¥ + F
+

+ + + + + + + + + + + + + + + + +

*

RETURNING

Ol

L N B B N N N NN

+ + + *+ + + F + +F F F FFFFFEFFFEFFEFEFFEEFEFEEEFEEEFEEF + + *+ + + F + + F A+ FEFFFEFFFEFFEFEFFEFEFEFEFEFFFH

+ + + + + + + + F + F F F F o+ FFEFFAFEFFFEFFE




U.S. Patent Aug. 31, 2021 Sheet 21 of 25 US 11,105,537 B2

F1G.22

S147

" SENSOR81M ™~ No

<. OUTPUTS GAS

~ 3149

“"SENSOR 92F

-~5142 SENSORJ2F
OPEN ELEGTROMAGNETIC T VOLTAGE?
VALVE 8 ‘
P : JYES 5150

OPEN ELEGTRQMAGNETEG
VALVE 7 ;

+ +
++++++++++++++++++++++++++++++++++++++++++++++++++++++++
+

" PREDETERMINED =~
——TIME PASSED?

5144
SENSOR 82F
GUTRUTS GAS

GLOSE ELECTRGMAGNETEC
| VALVE 8

8145 5152

NO  foLosE ELEGTROMAGNETEC
VALVE 7 ;

S 146

SENSOR 1M
OUTPUTS GAS

OPEN ELECTROMAGNETEC
VALVE 7

++++++++++++++++++++++++++++++++++++++++++++++++++++++++

SENSOR 92EF
— OUTPUTS GAS

S148

CLOSE ELECTROMAGNETEC
VALVE /

+
+ +
+
+
+ +
+ g
+ "3
+ +
+ +
+
+ H +
+ +
+ +
+ +
+
+ +




US 11,105,537 B2

Sheet 22 of 25

Aug. 31, 2021

U.S. Patent

F1G.23

+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+*
+
+
+

+
+ + + + + + + + + + + + + + + + F +t +F Attt "y

LB N B RS EEEEEEENEERERENEEBREEIENEIEIEIIENEBERIEZSEBIEIIZS:,.]

}

+ + + + + + + + + + + + +

-+

+ + + & + + + + + + + + + + + +F o+
+

+ + + + + + + + + + F F F FF A FFEFFFEFFEAFEFFEFEFFEFEFFEFF

+ + + + + + + + + + + + + + + + F +F + F F FF A+

+ + + + + + F + + F F F FFFFFFFFFFEFFFEFFFEFFFEFEFEFEFFEFEFFFEFFEFEFFEFEFEFEFEFFFEFFFEFFFEFFEFEFFEFEFFFEFFFEFFEFEFFFEFFEFEFFFEFF A+

+
+
+ + + + + + + + + + + + + + + + + + + + + + + + + + + + ++ + F+F A+t F Attt ottt ottt ettt

+ + + + + + + ++ + ++ +++ +F+F A+ F ettt ottt ottt ottt ettt

+

"EI!Iilili!:!liIilili!I!IiIilili!I!I!IEII!F!I!IEJ

n
i
i
i
!
j
!
j
!
§
!
!
i
i
i
!
i
!
j
!
§
J

“ ENC 33 EIN ] I [3X] IXr= LI I3 .‘

(1 IXrE [
-. .-
EEN EEx XN KN

i,

B SR R U T O AN B
-

+ + + + + + + + + + o+ + + + + + +

{
{
i it Sl - 1 b " “

-
Al

+
+ + + &+ + + + + o+ +

L

+ + + + + + + + + + + + + o+

+ 4+ + + + + + + + + + + + + + + + + +

+

+ + + + + + + + + + +F F F S

|
92k

+ + + + + + + + +

— ——
——
—
—
—
—
"
+
+

—
—

— —
—
—
—
—

+ + + + +

+

+

+ + + + + + + + +F + F F A+ FFEFFFEFFFFF

4
+ + +
+
+
* +* +* +*

|

RETURNING

EEl [EX: BN [E: I K HEEN EN EXJ KN [IX] B (3] IX= L HEEN EN EXJ KN 3] EN [(EX] X3 LI X3 I HEEN EN EXJ KX EEI [EX] BN CEC XN KN L ax)

+ + + + + + + + + + + F F FF A+ FFFFFFEFFAFEFFAFEFFAFEFFEFEFFFF

+ + + + + + + + + + + + + + F +

+* + + + + + F + + + + +F o+

+ + + + + + + + + + + + + &+ + + +

*

RETURNING

OIL

+ + + + + + + + + + + + + + + + + +F + + F +F

+ + + + + + F + F F F F A+ FFEFFFEFFFEFFE A F



U.S. Patent

F1G.24

N 53181

" SENSOR ™ no

< 91E QUTPUTS GAS >
. VOLTAGE

JYES 182

GPEN |
£ ECTROMAGNETIC
VALVE &

~PREDETERMINED ™
~_ TIME PASSED .~

LYES 5164

CLOSE
£l ECTROMAGNETIC
VALVE 8

------------------------------------------------------

-
+++++++++

+

PP

-7 SENSOR ™ NO

O1E QUTPUTS GAS >
~. VOLTAGE
T

YYES s166
GPEN
FLECTROMAGNETIC

VALVE 7

~ ~S167

7 SENSOR ™ N0

< 81F QUTPUTS OIL

. VOLTAGE
e, ? o

OLOSE ,
£l ECTROMAGNETIC bt
VALVE 7

+ +
t
+

4

( RETURN )

Aug. 31, 2021

“SENSOR 92E ™
< OQUTPUTS GAS >
~_VOLTAGE? .~

Sheet 23 of 25

“SENSOR ™

2
TYES

< 92F OUTPUTS OIL™>

US 11,105,537 B2

> 170

NO

=177

OPEN ELEGTROMAGNETIC |
VALVE 7

" SENSOR

. VOLTAG

+
+
+

< 91F OUTPUTS OIL >

YYES 5174

CLOSE |
ELECTROMAGNETIC bes
VALVET

+
+
+
+
*
+
+
*
+

T ¥ = 5B W F F-r-rsTTT™= 7% """ WERTTTTT

YES ~SENSOR 82 ™
< OUTPUTS GAS
. VOLTAGE? ~



US 11,105,537 B2

Sheet 24 of 25

Aug. 31, 2021

U.S. Patent

F1G.20

LA N N B R RSB E BB EEBEBEEBEEEBNEERERNEIELEIEBIENIEIEIMSEIEIESME.]I

"!I!IiIili!i!"!"iIi.‘i.‘i!I!Iil!li!i!‘!l!lili!i!I!I!IEJ

i-l- N CEx

+
+ + +

-k

+ + + + + + + + + +

+ + + + + + + + + + + + + + + + + + + + + + + + + + +

LA I I N NN N RN RSB R B EE B EEEEEBEEBEBEEBEEBEEEBEEEBEERBEREEERELERBELEBEEEBREEBEREREEBEIEREEIEBEBEIBEIENEIBENLE.]

+ + + & + + + + + + + + + + 4+t

|
g2k

+ + + + + + + + +

—
—
—
—
—
—

+ + + + +

+

+
+
+ + + + + + + + + + + + + + + + + + + + + + F F F FF A FFFFFEFFEFEFEFEFFEFEAFEFFEFEFEFAFEFEFEFEAFEFEEAFEFEFEAFEEEFEFEEFFEF

1
+ + +
+
+
+ + + +

RETURNING

Ol

+
+
+
+
+
+*
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+

+ + + + + + + + + + +F + + F F F FFFFFFFAFEFFAFEAFFEAFEAFFEAFEFEFFE

+ + + + + + + + + + + + + F F F FF A FFFFFEFFAFEAFFEAFEFFFEFEFFF * + + + + + + + + + F F+ F F A+ FFFFFEFFAFEFFEAFEFFEAFEFFEAFEFFEAFEFFEAFEFEFEAFEFFEAFEFEFEAFEFEFE

}

+ + + + + + + + + F + + o+

+
+ + + + + + + + + + + + + + +

+ + + + + + + + + + + + + + + + + +
+

+ + + + + + + + + + + + + + + + +

+

RETURNING

Ol

+ + + + + + + + + + + + + F + A FFFFFEFFF

+
+ + + + + + + + + + + + + F + +F FFFFFF 4+ + + + &+ + + + + +F At FFE S+

+ + + *+ + + F + + + + + F F F A+ FFFFEFFFEFFEFEF

" [E! BN KN I3 KN 3N EINX IN]J EN [Ir] KN [(3r IxX= -‘

K
+

+ + + + +

f inininteieinteieininintnieintninintnin

+ + + + + + + + + + + + + +F 4+ +F

* + + + + + + + + + F F A+ FFEFFFE S

+ + + + + + + + + + F

EfIE [EX] XN LI IXrS KN L) EN Bl EN 3] EIN [CEx]

+ + + + + + + + + + F A+ FF

-
i
i
i
;
§
!
§
!
!
!
i
i
i
i
;
i
!
§
!
!

N |

i

-




U.S. Patent Aug. 31, 2021 Sheet 25 of 25 US 11,105,537 B2

F1G.26

a8t
NO

~“"SEN30R_”*1+
<31M OUTPUTS GAS
~VOLTAGE .~

7N 5190
7 SENSOR NO
< 92F OUTRUTS OIL >
. VOLTAGE .~

[ TS 5182

OPEN
ELECTRGMAGNETZG
VALVE 8

| ;f 2191
OPEN ELEGCTROMAGNETIC
VALVE7

d . 2192

7 SENSOR n”“;NO

7 91F QUTPUTS OlL oo
., YOLTAGE

PREDETERMINED
TIME PASSED

--------------------------------------------------

++++++++++++++++++++++++++++++++++++++++++++++++++

{ CLOSE _ 5~ SENSOR 92E ™
S S8 ELECTROMAGNETICr=-C_ QUTPUTS GAS >
QUTRUTS GﬁS ~ T

. V{)LTAGE g

| f_.; [ S186
OPEN

ELEGTR@M&GNET?C
 VALVE 7 .

o187

A SENSOR 81F ™~ NG
& . GUTPUTS OEL P S
“~_ VOLTAGE _~ }

iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii

CLOSE YES,~ SENSOR 92E ™
ELECTROMAGNETIC - QUTPUTS GAS )
VALVE T - “VOLTAGE? ~




US 11,105,537 B2

1
REFRIGERATION CYCLE APPARATUS

CROSS REFERENCE TO RELATED
APPLICATION

This application 1s a U.S. national stage application

PCT/IP2016/082348 filed on Oct. 31, 2016, the contents of
which are incorporated herein by reference.

TECHNICAL FIELD

The present invention relates to a refrigeration cycle
apparatus having an o1l returning path.

BACKGROUND ART

Conventionally, 1n an refrigeration cycle apparatus
including a compressor, a condenser, an expansion valve,
and an evaporator, an oil separator 1s provided at the
discharge side of the compressor because refrigeration o1l 1s
discharged from the compressor together with refrigerant. In
order to prevent oil shortage in the compressor, an oil
returning path 1s provided to return, to the suction side of the
compressor, the refrigeration o1l separated from the refrig-
erant 1n the o1l separator. By opening and closing an on-oif
valve on the o1l returning path, an amount of o1l in the
compressor 1s adjusted (for example, see Japanese Utility

Model Laying-Open No. 3-73880 (Patent Literature 1)).

CITATION LIST
Patent Literature

PTL 1: Japanese Utility Model Laying-Open No. 3-73880

SUMMARY OF INVENTION

Technical Problem

In the refrigerant circuit described in Japanese Utility
Model Laymg-Open No. 3-73880, the opeming and closing
of the on-off valve on the o1l returning path are controlled
based on time. However, in this method, since a precise
amount of o1l cannot be checked, the on-ofl valve 1s open
even alter completion of the returning of the refrigeration oil
into a container, with the result that not only the refrigeration
o1l but also the refrigerant are returned to the compressor.
Accordingly, it 1s expected that refrigerator performance 1s
decreased due to a decreased flow rate of the refrigerant to
the evaporator and that controllability of an internal tem-
perature of the refrigerator 1s deteriorated due to a frequency
Change of the compressor. Moreover, when an excess of o1l
1s returned, a motor of the compressor 1s soaked in the o1l,
thus resulting 1n such a concern that the volume efliciency of
the compressor 1s decreased.

The present mnvention has been made to solve the above-
described problem, and has an object to not only protect a
compressor but also prevent decreased performances of the
compressor and a refrigeration cycle apparatus by accurately
detecting an o1l level using a sensor so as to precisely return
o1l to a container of the compressor.

Solution to Problem

A refrigeration cycle apparatus according to a main aspect
1s a refrigeration cycle apparatus 1n which refrigerant circu-
lates 1n an order of a compressor, a first o1l separator, a
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2

condenser, an expansion valve, an evaporator, and a second
o1l separator. The refrigeration cycle apparatus includes: a
first bypass path extendmg from the first o1l separator to the
compressor; a first on-oil valve provided on the first bypass
path; a second bypass path extending from the second oil
separator to the compressor; a second on-oil valve provided
on the second bypass path; and a controller configured to
control a degree of opening of the first on-off valve and a
degree of opening of the second on-off valve.

Advantageous Elflects of Invention

Reliability of the refrigeration cycle apparatus according
to the present invention for preventing oil shortage in the
compressor can be improved by controlling the degrees of
opening of the first on-ofl valve and the second on-off valve
by the controller so as to precisely adjust an amount of

returning of the oil.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s an entire configuration diagram of a refrigeration
cycle apparatus according to a first embodiment.

FIG. 2 shows a configuration of a self-heating sensor.

FIG. 3 shows characteristics of the self-heating sensor.

FIG. 4 1s a flowchart for illustrating o1l returning control
in the first embodiment.

FIG. § 1s an entire configuration diagram of a refrigeration
cycle apparatus according to a second embodiment.

FIG. 6 1s a flowchart for illustrating o1l returning control
in the second embodiment.

FIG. 7 1s an entire configuration diagram of a refrigeration
cycle apparatus according to a third embodiment.

FIG. 8 1s a flowchart for illustrating o1l returning control
in the third embodiment.

FIG. 9 1s an entire configuration diagram of a refrigeration
cycle apparatus according to a fourth embodiment.

FIG. 10 1s a flowchart for i1llustrating o1l returning control
in the fourth embodiment.

FIG. 11 1s an entire configuration diagram of a refrigera-
tion cycle apparatus according to a fifth embodiment.

FIG. 12 1s a flowchart for illustrating o1l returning control
in the fifth embodiment.

FIG. 13 1s an entire configuration diagram of a refrigera-
tion cycle apparatus according to a sixth embodiment.

FIG. 14 1s a flowchart for i1llustrating o1l returning control
in the sixth embodiment.

FIG. 15 1s an entire configuration diagram of a refrigera-
tion cycle apparatus according to a seventh embodiment.

FIG. 16 1s a flowchart for i1llustrating o1l returning control
in the seventh embodiment.

FIG. 17 1s an entire configuration diagram of a refrigera-
tion cycle apparatus according to an eighth embodiment.

FIG. 18 15 a flowchart for illustrating o1l returning control
in the eighth embodiment.

FIG. 19 1s an entire configuration diagram of a refrigera-
tion cycle apparatus according to a ninth embodiment.

FIG. 20 15 a flowchart for 1llustrating o1l returning control
in the ninth embodiment.

FIG. 21 1s an entire configuration diagram of a refrigera-
tion cycle apparatus according to a tenth embodiment.

FIG. 22 1s a flowchart for i1llustrating o1l returning control
in the tenth embodiment.

FIG. 23 1s an entire configuration diagram of a refrigera-
tion cycle apparatus according to an eleventh embodiment.

FIG. 24 1s a flowchart for i1llustrating o1l returning control
in the eleventh embodiment.
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FIG. 25 1s an entire configuration diagram of a refrigera-
tion cycle apparatus according to a twelith embodiment.

FI1G. 26 1s a flowchart for illustrating o1l returning control
in the twelith embodiment.

DESCRIPTION OF EMBODIMENTS

The following describes an embodiment of the present
invention in detail with reference to figures. In the descrip-
tion below, a plurality of embodiments will be described;
however, 1t 1s mitially expected at the time of filing of the
present application to appropriately combine configurations
described 1n the embodiments. It should be noted that the
same or corresponding portions are given the same reference
characters and are not described repeatedly.

10

15

First Embodiment

FI1G. 1 1s an entire configuration diagram of a refrigeration
cycle apparatus according to a first embodiment. With
reference to FIG. 1, refnigeration cycle apparatus 100
includes a compressor 1, an o1l separator 2, a condenser 3,
an expansion valve 4, an evaporator 5, an accumulator 6, and
a controller 30. o

Compressor 1, o1l separator 2, condenser 3, expansion
valve 4, evaporator 5, and accumulator 6 are connected in
this order, thus forming a refrigerant circuit. Each of o1l
separator 2 and accumulator 6 also operates as an “oil
separator”. In addition to the refrigerant circuit, refrigeration 30
cycle apparatus 100 1s provided with o1l returning paths 21,

22 for returning refrigeration o1l to compressor 1. Although
not shown 1n the figure, each of o1l returning paths 21, 22
includes a capillary tube for reducing a flow rate. Electro-
magnetic valves 7, 8 are disposed on o1l returning paths 21, 35
22, respectively. It should be noted that each of electromag-
netic valves 7, 8 does not need to be an electromagnetic
valve as long as a degree of opening thereof can be changed,
and may be an on-ofl valve that can include an electronically
controlled valve, an electrically operated valve, or the like. 40
Oil separator 2 and accumulator 6 are connected to com-
pressor 1 via oil returning paths 21, 22. Electromagnetic
valves 7, 8 are disposed on o1l returning paths 21, 22. A
self-heating sensor 91E configured to detect an amount of
lubricating o1l 1s attached to a low shell portion of compres- 45
sor 1 corresponding to a limit of height with which reliability
can be secured from o1l shortage. The low shell portion can
be, for example, substantially as high as an o1l suction hole

of an o1l pump 1n such a configuration that the refrigeration

o1l 1s suctioned using the o1l pump and is supplied to a motor 50
in the compressor or a sliding portion of a scroll compressor.
Moreover, compressor 1 has a shape obtained by combining
curved upper arm portion and lower arm portion with a
straight shell portion that connects the upper arm portion to
the lower arm portion. The low shell portion may correspond 55
to the lower arm portion.

The following first describes an operation of refrigeration
cycle apparatus 100. The reifrigerant 1s compressed by
compressor 1 and becomes a high-temperature and high-
pressure overheated gas. In condenser 3, heat exchange 1s 60
performed between the refrigerant and external air, and the
reirigerant becomes a high-pressure saturated liquid. The
reirigerant 1s decompressed when passing through expan-
sion valve 4. Internal air of the refrigerator 1s supplied to
evaporator 5 by an evaporator fan 5F to exchange heat with 65
the refrigerant, with the result that the refrigerant becomes
a low-pressure saturated gas or overheated gas. Then, 1n

20

4

accumulator 6, the liquid refrigerant 1s separated from the
gas relrigerant, and the gas refrigerant 1s supplied to com-
pressor 1.

Compressor 1 includes a casing 11, a motor, and a scroll
compressor. In casing 11, motor and scroll compressor
driven to rotate by motor are accommodated. The refrigerant
1s compressed by scroll compressor and 1s discharged from
compressor 1. Compressor 1 may include a rotary compres-
sor instead of scroll compressor.

Next, the following describes flows of the refrigerant and
the refrigeration o1l. The discharged mixture of the high-
temperature and high-pressure refrigerant and the refrigera-
tion o1l from compressor 1 tlows 1nto o1l separator 2, and the
refrigerant and the refrigeration oil are roughly separated
due to actions of centrifugal separation, gravity, filter, and
the like. Since the refrigeration o1l 1s separated by oil
separator 2, 1t 1s possible to suppress decrease in heat
transier performance due to mixing of the refrigeration oil,
and suppress decrease 1n cycle performance due to increase
in pressure loss. Moreover, when self-heating sensor 91E
disposed 1n compressor 1 detects msuiliciency of the refrig-
cration o1l, the refrigeration o1l separated by o1l separator 2
1s supplied to compressor 1 by opening electromagnetic
valve 7 on o1l returning path 21. It should be noted that the
refrigeration oil that could not have been separated from the
refrigerant 1n o1l separator 2 1s returned to compressor 1 via
condenser 3, expansion valve 4, evaporator 3, and accumu-
lator 6. On this occasion, in order to prevent a liquid-back
phenomenon, the refrigeration o1l 1s also separated, together
with the liquid refrigerant, from the gas refrigerant by
accumulator 6.

Next, the following describes a situation i which the
amount of o1l 1 the compressor 1s decreased. When the
mixture of the refrigerant and the refrigeration o1l 1s returned
to compressor 1 via condenser 3, expansion valve 4, and
evaporator 3, the moving speed of the refrigeration oil 1s
slower than the moving speed of the refrigerant, with the
result that the refrigeration o1l exists to be accumulated in a
pipe and the like. When components of one refrigerant
circuit are connected by a long pipe, such accumulation 1s
noticeable.

In consideration of such a situation, an amount of o1l
introduced in reifrigeration cycle apparatus 100 has to be
large. However, 11 the refrigeration o1l 1n the refrigerant can
be separated by o1l separator 2, a circulation ratio of the
refrigeration o1l to the refrigerant becomes low, whereby the

length of the connecting pipe does not much affect decrease
in the amount of o1l 1n compressor 1 (=increase in the
amount of introduced o1l).

Conversely, 1t 1s said that a case where a capability of
separating the refrigeration o1l in o1l separator 2 1s exceeded
corresponds to the situation in which the amount of o1l 1n
compressor 1 1s decreased. Particularly, the case corresponds
to a situation 1 which the liquid refrigerant and the refrig-
eration o1l exist 1n compressor 1, the liqud refrigerant 1s
abruptly foamed (evaporated), and refrigerant solubility of
the refrigeration o1l 1s abruptly decreased. In this case, a
large amount of the refrigeration o1l 1n the compressor shell
1s released from compressor 1 together with the refrigerant.
Accordingly, they cannot be separated by o1l separator 2 and
are returned to compressor 1 via condenser 3, expansion
valve 4, and evaporator 5. When the amount of decrease 1n
the amount of the o1l in compressor 1 1s large by the time at
which the large amount of the discharged refrigeration o1l 1s
returned, reliability 1s decreased such as insuthicient lubri-
cation of compressor 1.
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(Explanation of Sensor)

In the present embodiment, seli-heating sensor 91E 1s
disposed at the low shell portion of the compressor 1n order
to accurately ascertain the amount of decrease 1n the amount
of the o1l in compressor 1. The following describes a method
for detecting an o1l level using this self-heating sensor 91E.
FIG. 2 shows a configuration of the seli-heating sensor.
Self-heating sensor 91F 1s a sensor configured to distinguish
between gas and liquid by measuring a response when the
sensor 1s supplied with electric power to generate heat.
Self-heating sensor 91E 1s constituted of two electrodes 23,
24 and an element 25 having an electric resistance that
changes depending on a temperature. Element 25 1s disposed
between two electrodes 23, 24. A tluid state (gas/liquid) at
any position iside the oil separator can be determined 1n
accordance with an environmental temperature Tatm mea-
sured by a temperature sensor (not shown) and an electrical
signal obtained by supplying electric power to selif-heating
sensor 91E.

FIG. 3 shows characteristics of the self-heating sensor.
Self-heating sensor 91FE generates heat when supplied with
clectric power. On this occasion, an amount of released heat
1s changed depending on (1) a difference in heat transier rate
determined by a state (gas/liquid) of the fluid 1n contact with
the sensor and (11) a difference 1n environmental temperature
Tatm. Accordingly, the temperature of self-heating sensor
91F 1s also changed, thus resulting 1in a difference 1n sensor
voltage depending on the state (gas/liquid) of the fluid.

At each environmental temperature, there 1s a voltage
difference AVs between (1) voltage Vso (heremafter, referred
to as “o1l voltage”) when the sensor 1s soaked in the
refrigeration o1l and (11) voltage Vsg (hereinatter, referred to
as “gas voltage”) when the sensor 1s in the gas. By measur-
ing the sensor temperature as a voltage value, whether the
fluid 1 contact therewith 1s gas or liquid (o1l) can be
detected. A threshold value range for gas voltage Vsg is
determined based on sensor voltage diflerence AVs at each
temperature. When the voltage 1s increased by more than or
equal to the threshold value range 1n such a state that gas
voltage Vsg has been detected during monitoring of a
change of the sensor voltage with passage of time, 1t can be
determined that the o1l 1s detected. Similarly, based on
sensor voltage diflerence AVs at each temperature, a thresh-
old value range for o1l voltage Vso 1s determined. When the
voltage 1s decreased by more than or equal to the threshold
value range in such a state that oil voltage Vso has been
detected during momtoring of a change of the sensor voltage
with passage of time, 1t can be determined that the gas 1s
detected. It should be noted that a self-heating sensor used
in each of below-described second to twelfth embodiments
also has such characteristics as shown 1n FIG. 3.

(Explanation of O1l Returning Control)

Next, the following describes o1l returning control. FIG.
4 1s a tlowchart for 1llustrating the o1l returning control 1n the
first embodiment. With reference to FIG. 1 and FIG. 4,
controller 30 obtains a voltage value from seli-heating
sensor 91E 1n compressor 1. In a step S1, controller 30
determines whether or not the obtained voltage value 1ndi-
cates gas voltage Vsg. When the voltage value obtained 1n
step S1 indicates gas voltage Vsg, compressor 1 1s 1n an o1l
shortage state. Therefore, controller 30 proceeds the process
to a step S2 to open electromagnetic valve 8 on the oil
returning path. When electromagnetic valve 8 1s opened, the
refrigeration o1l 1s returned from accumulator 6 to compres-
sor 1. After waiting for passage of a predetermined time 1n
a step S3, controller 30 proceeds the process to a step S4 to
close electromagnetic valve 8. Then, 1n a step S35, controller
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6

30 obtains a voltage value from self-heating sensor 91E 1n
compressor 1, and determines whether or not the obtained

voltage value indicates gas voltage Vsg of FIG. 3.

When the output of sensor 91E indicates gas voltage Vsg
at this point of time in step S35, the o1l shortage state of
compressor 1 1s still continued. Hence, 1n order to compen-
sate for the msutliciency of the refrigeration oil, controller
30 proceeds the process to a step S6 to open electromagnetic
valve 7, thereby starting to return the o1l from o1l separator
2. Then, after waiting for passage of a predetermined time 1n
a step S7, controller 30 closes electromagnetic valve 7 1n a
step S8 to end the o1l returning.

In the above-described control, the o1l 1s returned from
accumulator 6 located at a downstream side of the refriger-
ant circuit and then the o1l 1s returned, 1f the amount of the
o1l 1s insuflicient, from the o1l separator located at the
upstream side. This 1s due to the following reason: since the
pressure of o1l separator 2 at the upstream side 1s higher than
that of accumulator 6, energy loss can be reduced by
returning the o1l from accumulator 6 first.

Further, the o1l level can be detected without an influence
of the flow of the refrigerant because self-heating sensor 91E
1s attached and mounted on the container using the parallel
clectrodes, 1.e., because element 25 1s disposed between two
clectrodes 23 and 24 disposed in parallel.

Second Embodiment

In the first embodiment, the o1l level in compressor 1 1s
detected and the refrigeration o1l 1s returned from o1l sepa-
rator 2 and accumulator 6; however, 1n a second embodiment
below, the following describes an example in which o1l
returning control 1s performed when one self-heating sensor
1s attached in o1l separator 2.

FIG. 5 1s an entire configuration diagram of a refrigeration
cycle apparatus according to the second embodiment.
Refrigeration cycle apparatus 101 of FIG. 5 includes a
sensor 92F instead of sensor 91E and a controller 31 instead
of controller 30 1n the configuration of refrigeration cycle
apparatus 100 shown 1n FIG. 1. Configurations of the other
portions of refrigeration cycle apparatus 101 are the same as
those of relfrigeration cycle apparatus 100. Moreover, the
configuration and characteristics of sensor 92F are the same
as those of sensor 91E shown 1n FIG. 2 and FIG. 3.

Refrigeration cycle apparatus 101 of FIG. 5 includes a
refrigerant circuit 1n which compressor 1, o1l separator 2,
condenser 3, expansion valve 4, evaporator 5, and accumu-
lator 6 are connected 1n this order. Oil separator 2 and
accumulator 6 are connected to compressor 1 via o1l return-
ing paths 21, 22. Flectromagnetic valves 7, 8 are disposed on
o1l returning paths 21, 22 respectively. One self-heating
sensor 92F 1s attached to o1l separator 2.

From the oil-mixed refrigerant discharged from compres-
sor 1, the refrigeration o1l and the refrigerant are separated
by a separation mechanism of o1l separator 2. The separated
refrigeration o1l 1s stored at the bottom portion of the casing
of o1l separator 2.

FIG. 6 1s a flowchart for illustrating o1l returning control
in the second embodiment. Heremaftter, a “step S11” or the
like will be simply described as “S11” or the like. When
seli-heating sensor 92F 1n o1l separator 2 1s soaked 1n the
refrigeration o1l as a result of accumulation of the refrigera-
tion o1l with passage of time and the output of self-heating
sensor 92F indicates o1l voltage Vso (YES 1n S11), 1t 1s
understood that compressor 1 1s 1n the o1l shortage state
because the amount of accumulation of the refrigeration o1l
in o1l separator 2 has been increased. Then, controller 31
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opens electromagnetic valve 7 disposed on o1l returning path
21 that connects o1l separator 2 to compressor 1 (S12),

thereby starting to return the oil from o1l separator 2 to
compressor 1. Then, controller 31 waits (NO 1 S13) for
passage ol a predetermined time calculated 1n consideration
of an amount of o1l brought out from compressor 1, the o1l
separation efliciency of oil separator 2, and the volume of
cach portion 1n the refrigerant circuit. After passage of the
predetermined time (YES 1n S13), controller 31 closes
clectromagnetic valve 7 (S14) to end the o1l returning.

Moreover, when the output of sensor 92F does not indi-
cate o1l voltage Vso (NO i1n S11), after passage of a
predetermined time (YES 1n S13), controller 31 opens
clectromagnetic valve 8 to actively start returning the oil
from accumulator 6 to compressor 1 (516). In this way, the
o1l 1s returned to compressor 1 whenever at least the pre-
determined time passes, thus preventing the amount of
accumulation of the o1l 1 accumulator 6 from being
increased too much. Then, controller 31 waits for passage of
a predetermined time (NO 1n S17). Alter passage of the
predetermined time (YES i S17), controller 31 closes
clectromagnetic valve 8 (S18), thereby ending the o1l return-
ing.

Third Embodiment

FIG. 7 1s an entire configuration diagram of a refrigeration
cycle apparatus according to a third embodiment. A refrig-
eration cycle apparatus 102 shown 1n FIG. 7 performs o1l
returning control 1n a manner in which the first embodiment
and the second embodiment are combined. Refrigeration
cycle apparatus 102 of FIG. 7 includes a sensor 92F 1n
addition to sensor 91E and a controller 32 instead of
controller 30 1n the configuration of refrigeration cycle
apparatus 100 shown in FIG. 1. Refnigeration cycle appa-
ratus 102 includes selif-heating sensors 91E, 92F respec-
tively attached to compressor 1 and o1l separator 2. Refrig-
eration cycle apparatus 102 includes a refrigerant circuit 1n
which compressor 1, o1l separator 2, condenser 3, expansion
valve 4, evaporator 5, and accumulator 6 are connected in
this order. O1l separator 2 and accumulator 6 are connected
to the compressor via oil returning paths 21, 22. Electro-
magnetic valves 7, 8 are disposed on o1l returning paths 21,
22 respectively. Self-heating sensor 91E 1s attached to the
low shell portion of compressor 1, and self-heating sensor
92F 1s attached to o1l separator 2.

FIG. 8 1s a flowchart for illustrating o1l returming control
in the third embodiment. With reference to FIG. 7 and FIG.
8, when the output of self-heating sensor 91E in compressor
1 indicates gas voltage Vsg (YES 1n S21), compressor 1 1s
in the o1l shortage state. Then, controller 32 opens electro-
magnetic valve 8 on o1l returming path 22 (522), thereby
returning the o1l from accumulator 6 to compressor 1. After
passage ol a predetermined time from the start of the o1l
returning (YES 1n S23), electromagnetic valve 8 1s closed
(S24). When the output of sensor 91FE indicates gas voltage
Vsg at this point of time (YES 1n S25), the o1l shortage state
of compressor 1 1s still continued. In order to compensate for
the mnsufliciency of the refrigeration oil, electromagnetic
valve 7 1s opened to start returning the o1l from o1l separator
2 to compressor 1 (826). After passage ol a predetermined
time (YES 1n S27), electromagnetic valve 7 1s closed (528)
to end the o1l returning.

On the other hand, when the output of sensor 91E does not
indicate gas voltage Vsg (NO 1n S21), compressor 1 1s not
in the o1l shortage state. However, when the output of sensor

92F indicates o1l voltage Vso (YES 1n S29), the o1l level of
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o1l separator 2 has been increased, so that in order to lower
the o1l level, controller 32 opens electromagnetic valve 7 to
start returning the o1l actively from o1l separator 2 to
compressor 1 (5830). After passage of a predetermined time
(YES 1 S31), controller 32 closes electromagnetic valve 7
(S32) to end the o1l returning.

In the refrnigeration cycle apparatus shown in the third
embodiment, the o1l shortage state in compressor 1 1is
detected by selif-heating sensor 91E attached to compressor
1, whereas self-heating sensor 92F 1s also attached to o1l
separator 2 to detect accumulation of the refrigeration oil 1n
o1l separator 2. The refrnigeration o1l accumulated 1 o1l
separator 2 1s returned actively. By performing the control in
this way, the o1l shortage state of compressor 1 can be
reduced and the reliability of the refrigeration cycle appa-
ratus can be secured. Moreover, during the o1l returning, the
o1l returning from accumulator 6 having a low-pressure and
low-temperature environment 1s performed prior to the oil
returning from o1l separator 2 having a high-temperature and
high-pressure environment, whereby performance can be

prevented from being decreased due to heat loss.

Fourth Embodiment

In each of the configurations shown in FIG. 1 and FIG. 7,
self-heating sensor 91E 1s disposed at the low shell portion
of compressor 1, which corresponds to the necessary mini-
mum height (critical o1l level position) for protection of
compressor 1; however, 1n a fourth embodiment, the fol-
lowing describes a case where a selif-heating sensor 1is
disposed between the low shell portion and the motor of
compressor 1.

FIG. 9 1s an entire configuration diagram of a refrigeration
cycle apparatus according to the fourth embodiment. A
refrigeration cycle apparatus 103 shown 1n FIG. 9 includes
a refrigerant circuit 1n which compressor 1, o1l separator 2,
condenser 3, expansion valve 4, evaporator 3, and accumu-
lator 6 are connected in this order. O1l separator 2 and
accumulator 6 are connected to compressor 1 via o1l return-
ing paths 21, 22. Electromagnetic valves 7, 8 are disposed on
o1l returning paths 21, 22 respectively. Between the low shell
portion and the motor of compressor 1, one seli-heating
sensor 91M 1s attached. Controller 33 opens and closes
clectromagnetic valves 7, 8 to respectively return the oil
from o1l separator 2 and accumulator 6 to compressor 1.

FIG. 10 1s a flowchart for i1llustrating o1l returning control
in the fourth embodiment. With reference to FI1G. 9 and FIG.
10, when the output of self-heating sensor 91M 1n compres-
sor 1 indicates gas voltage Vsg (YES 1n S41), compressor 1
has become close to the o1l shortage state. Then, controller
33 opens clectromagnetic valve 8 on o1l returning path 22,
thereby returning the o1l from accumulator 6 to compressor
1 (S42). After passage of a predetermined time (YES 1n
S43), controller 33 closes electromagnetic valve 8 (S44).
When the output of sensor 91M 1ndicates gas voltage Vsg at
this point of time (YES 1n S45), the state close to the o1l
shortage ol compressor 1 1s still continued. In order to
compensate for the insuiliciency of the refrigeration oil,
controller 33 opens electromagnetic valve 7 to start return-
ing the o1l from o1l separator 2 to compressor 1 (S46). After
passage of the predetermined time (YES 1n S47), controller
33 closes electromagnetic valve 7 to end the o1l returning

(S48).

Fifth Embodiment

FIG. 11 1s an entire configuration diagram of a refrigera-
tion cycle apparatus according to a fifth embodiment. In the
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configuration of refrigeration cycle apparatus 103 shown 1n
FIG. 9, arefrigeration cycle apparatus 104 shown in FIG. 11

includes: seli-heating sensor 91M disposed between the low
shell portion and motor 10 of compressor 1; selif-heating
sensor 92F disposed in o1l separator 2; and a controller 34
instead of controller 33. Refrigeration cycle apparatus 104
includes a refrigerant circuit 1n which compressor 1, oil
separator 2, condenser 3, expansion valve 4, evaporator 5,
and accumulator 6 are connected in this order. O1l separator
2 and accumulator 6 are connected to compressor 1 via oil
returning paths 21, 22. Electromagnetic valves 7, 8 are
disposed on o1l returning paths 21, 22 respectively. Between
the low shell portion and the motor of compressor 1,
seli-heating sensor 91M 1s attached. Self-heating sensor 92F
1s attached to o1l separator 2. Controller 34 opens and closes
clectromagnetic valves 7, 8 to respectively return the oil
from o1l separator 2 and accumulator 6 to compressor 1.

FI1G. 12 1s a flowchart for illustrating o1l returning control
in the fifth embodiment. With reference to FIG. 11 and FIG.
12, when the output of self-heating sensor 91M 1n compres-
sor 1 indicates gas voltage Vsg (YES 1n S31), controller 34
opens electromagnetic valve 8 on o1l returning path 22 to
return the oil from accumulator 6 to compressor 1 (S52).
After passage of a predetermined time (YES 1n S33), con-
troller 34 closes electromagnetic valve 8 (S54). When the
output of sensor 91M 1ndicates gas voltage Vsg at this point
of time (YES 1n S355), controller 34 opens electromagnetic
valve 7 to start returning the o1l from o1l separator 2 to
compressor 1 (5856). After passage of a predetermined time
(YES 1 S57), controller 34 closes electromagnetic valve 7
to end the o1l returning (S58).

On the other hand, when the output of sensor 91M does
not mdicate gas voltage Vsg (NO 1n S51), compressor 1 1s
not 1n the o1l shortage state. However, when the output of
sensor 92F indicates o1l voltage Vso (YES 1 S59), the o1l
level of o1l separator 2 has been increased, so that in order
to lower the o1l level, controller 34 opens electromagnetic
valve 7 to start returning the o1l actively from o1l separator
2 to compressor 1 (S60). After passage of a predetermined
time (YES 1 S61), controller 34 closes electromagnetic
valve 7 (862) to end the o1l returning.

In the fifth embodiment above, self-heating sensor 91M 1s
disposed between the critical o1l level position (low shell
portion) and motor 10 of compressor 1, and the o1l returming,
1s started always at a position higher than the critical o1l level
position. Therefore, compressor 1 1s not brought into the o1l
shortage state, thus achieving an eflect of securing reliability
by the o1l returning control employing electromagnetic
valves 7, 8. The o1l returning mechanism of the fifth embodi-
ment 1s more excellent than that of the first embodiment in
terms of the prevention of o1l shortage.

Sixth Embodiment

In the configuration shown in FIG. 5, one self-heating
sensor 92F 1s attached to o1l separator 2; however, 1n a sixth
embodiment, the following describes a case where a plural-
ity of sensors are attached to o1l separator 2.

FIG. 13 1s an entire configuration diagram of a refrigera-
tion cycle apparatus according to the sixth embodiment. In
the configuration of refrigeration cycle apparatus 101 shown
in FIG. 5, a refrigeration cycle apparatus 105 shown 1n FIG.
13 1ncludes: self-heating sensor 92F disposed in o1l separa-
tor 2; a self-heating sensor 92E disposed at a lower portion
of o1l separator 2: and a controller 35 instead of controller
31. Retnigeration cycle apparatus 105 includes a refrigerant
circuit 1n which compressor 1, o1l separator 2, condenser 3,
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expansion valve 4, evaporator 5, and accumulator 6 are
connected 1n this order. O1l separator 2 and accumulator 6

are connected to compressor 1 via o1l returning paths 21, 22.
Electromagnetic valves 7, 8 are disposed on o1l returning
paths 21, 22 respectively. The two sensors (seli-heating
sensor 92F and self-heating sensor 92E) are attached to o1l
separator 2. Controller 35 opens and closes electromagnetic
valves 7, 8 to respectively return the o1l from o1l separator
2 and accumulator 6 to compressor 1.

FIG. 14 15 a flowchart for illustrating o1l returning control
in the sixth embodiment. With reference to FIG. 13 and FIG.
14, when the output of selif-heating sensor 92F disposed at
the upper portion 1n o1l separator 2 indicates gas voltage Vsg
(YES 1n S71), controller 35 opens electromagnetic valve 7
on o1l returming path 21 to start returning the o1l from o1l
separator 2 (5872). When the output of self-heating sensor
92E at the lower portion of oil separator 2 indicates gas
voltage Vsg (YES 1n S73), it 1s found that a predetermined
amount of the o1l has been returned from o1l separator 2 to
compressor 1. Then, controller 35 closes electromagnetic
valve 7 to end the o1l returning (574). Moreover, even when
the output of sensor 92F does not indicate o1l voltage Vso
(NO 1 S71), after passage of a predetermined time (YES 1n
S75), controller 35 opens electromagnetic valve 8 to start
returning the oil actively (S76). Accordingly, the amount of
the o1l accumulated 1n accumulator 6 can be prevented from
being increased too much. After passage of a predetermined
time (YES 1 S77), controller 35 closes electromagnetic
valve 7 to end the o1l returning (S78).

Seventh Embodiment

Next, the following describes an embodiment 1n which
seli-heating sensors are disposed not only 1n o1l separator 2
but also at the low shell portion of compressor 1 in the
configuration of FIG. 13.

FIG. 15 1s an entire configuration diagram of a refrigera-
tion cycle apparatus according to a seventh embodiment. In
the configuration of refrigeration cycle apparatus 105 shown
in FIG. 13, a refnigeration cycle apparatus 106 shown 1n
FIG. 15 includes: self-heating sensors 92F, 92E disposed 1n
o1l separator 2; self-heating sensor 91E disposed at the low
shell portion of compressor 1; and a controller 36 1nstead of
controller 35. Reirigeration cycle apparatus 106 includes a
refrigerant circuit 1n which compressor 1, o1l separator 2,
condenser 3, expansion valve 4, evaporator 5, and accumu-
lator 6 are connected 1n this order. Oil separator 2 and
accumulator 6 are connected to compressor 1 via o1l return-
ing paths 21, 22. Flectromagnetic valves 7, 8 are disposed on
o1l returning paths 21, 22 respectively. Self-heating sensor
91E 1s attached to the low shell portion of compressor 1.
Self-heating sensors 92F, 92F are attached to o1l separator 2.
Controller 35 opens and closes electromagnetic valves 7, 8
to respectively return the oil from o1l separator 2 and
accumulator 6 to compressor 1.

FIG. 16 15 a flowchart for 1llustrating o1l returning control
in the seventh embodiment. With reference to FIG. 15 and
FIG. 16, when the output of self-heating sensor 91E 1n
compressor 1 indicates gas voltage Vsg (YES 1 S81),
compressor 1 1s in the o1l shortage state. Then, by opening
clectromagnetic valve 8 on o1l returning path 22, the oil
starts to be returned from accumulator 6 (S82). After passage
of a predetermined time (YES in S83), electromagnetic
valve 8 1s closed (584). When the output of sensor 91E
indicates gas voltage Vsg at this point of time (YES in step
S85), the o1l shortage state of compressor 1 1s still continued.
In order to compensate for the msufliciency of the refrig-
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eration o1l, electromagnetic valve 7 1s opened to start return-
ing the o1l from o1l separator 2 (586). When the output of

sensor 92E 1ndicates gas voltage Vsg (YES 1n S87), 1t 1s
found that the discharging of the refrigeration o1l from o1l
separator 2 has been completed, so that controller 36 closes
clectromagnetic valve 7 to end the o1l returning (S88).

On the other hand, when the output of sensor 91E does not
indicate gas voltage Vsg (NO 1n S81), compressor 1 1s not
in the o1l shortage state. However, when the output of sensor
92F indicates o1l voltage Vso (YES 1n S89), the o1l level of
o1l separator 2 has been increased, so that 1n order to lower
the o1l level, controller 36 opens electromagnetic valve 7 to
start returning the o1l actively from o1l separator 2 to
compressor 1 (S90). After the output of sensor 92F indicates
gas voltage Vsg (YES 1n S91), controller 36 closes electro-
magnetic valve 7 to end the o1l returning (S92).

In refrigeration cycle apparatus 106 shown 1n the seventh
embodiment, the o1l shortage state i compressor 1 1is
detected by seli-heating sensor 91E attached 1n compressor
1, whereas self-heating sensors 92F, 92F are attached also 1n
o1l separator 2 so as to actively return the refrigeration oil
accumulated in o1l separator 2, whereby the o1l shortage
state of compressor 1 can be reduced and the reliability can
be secured. By determining to end the oil returning using
lower sensor 92E of 01l separator 2, only the refrigeration o1l
can be accurately returned, thereby preventing the refrig-
erator performance from being decreased due to a reduced
reirigerant flow rate. Refrigeration cycle apparatus 106 1s
more excellent than the configuration shown in FIG. 1 1n that
the performance can be prevented from being decreased by
returning also the refrigerant during the o1l returning.

Eighth Embodiment

Each of the configurations shown 1n FIG. 1, FIG. 7, FIG.
9. FIG. 1, and FIG. 15 1s directed to an embodiment in which
at least one self-heating sensor 91E or 91M 1s provided 1n
compressor 1; however, 1 an eighth embodiment, the fol-
lowing describes an o1l returning mechanism when a plu-
rality of sensors are attached to compressor 1.

FIG. 17 1s an entire configuration diagram of a refrigera-
tion cycle apparatus according to the eighth embodiment. In
the configuration of refrigeration cycle apparatus 102 shown
in FIG. 7, a refrigeration cycle apparatus 107 shown in FIG.
17 1includes: self-heating sensor 92F disposed in o1l separa-
tor 2; seli-heating sensor 91E disposed at the low shell
portion of compressor 1; self-heating sensor 91F disposed at
the motor position of compressor 1; and a controller 37
instead of controller 32. Refrigeration cycle apparatus 107
includes a refrigerant circuit 1n which compressor 1, oil
separator 2, condenser 3, expansion valve 4, evaporator 5,
and accumulator 6 are connected in this order. O1l separator
2 and accumulator 6 are connected to compressor 1 via oil
returning paths 21, 22. Electromagnetic valves 7, 8 are
disposed on o1l returning paths 21, 22 respectively. Sensor
91F 1s attached to the low shell portion of compressor 1,
which corresponds to the critical o1l level position. More-
over, sensor 91F 1s attached to the motor position of com-
pressor 1. Moreover, seli-heating sensor 92F 1s attached to
o1l separator 2.

FIG. 18 1s a flowchart for illustrating o1l returning control
in the eighth embodiment. With reference to FIG. 17 and
FIG. 18, when the output of seli-heating sensor 91E 1n
compressor 1 indicates gas voltage Vsg (YES i S101),
compressor 1 1s 1n the o1l shortage state. Then, controller 37
opens electromagnetic valve 8 on o1l returning path 22,
thereby returning the o1l from accumulator 6 to compressor
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1 (S102). After passage of a predetermined time (YES 1n
S5103), the refrigeration o1l accumulated in accumulator 6 1s

released from accumulator 6. Hence, controller 37 closes
clectromagnetic valve 8 (5104). When the output of sensor
91E indicates gas voltage Vsg at this point of time (YES 1n
step S105), the o1l shortage state of compressor 1 1s still
continued. In order to compensate for the insufliciency of the
refrigeration oil, controller 37 opens electromagnetic valve
7 to start returning the o1l from o1l separator 2 to compressor
1 (S106). When the output of sensor 91F indicates o1l
voltage Vso (YES 1n S107) or after passage of a predeter-
mined time (YES 1n S108), controller 37 closes electromag-
netic valve 7 to end the o1l returming (S109).

On the other hand, when the output of sensor 91E does not
indicate gas voltage Vsg (NO 1 S101), compressor 1 1s not
in the o1l shortage state. However, when the output of sensor
92F indicates o1l voltage Vso (YES 1n S110), the o1l level of
o1l separator 2 has been increased. Thus, 1n order to lower
the o1l level, controller 37 opens electromagnetic valve 7 to
start returming the o1l actively (511). After passage of the
predetermined time (YES in S112), controller 37 closes
clectromagnetic valve 7 to end the oil returning (S113).

In the refrigeration cycle apparatus according to the
eighth embodiment, the oil shortage state in compressor 1 1s
detected by seli-heating sensor 91E attached in compressor
1, whereas seli-heating sensor 92F 1s also attached in o1l
separator 2 to detect accumulation of the refrigeration oil 1n
o1l separator 2. The refrnigeration o1l accumulated 1 o1l
separator 2 1s returned actively. By performing the control in
this way, the o1l shortage state of compressor 1 can be
reduced and the reliability of the refrigeration cycle appa-
ratus can be secured. Moreover, by determining the o1l
returning upper limit using seltf-heating sensor 91F attached
to the motor position of compressor 1, the motor can be
prevented from being soaked 1n the refrigeration oil, thereby
avoiding the performance of the compressor from being
decreased. The refrigeration cycle apparatus of the eighth
embodiment 1s more excellent than the refrigeration cycle
apparatus of the first embodiment in that the amount of the
o1l 1n compressor 1 can be prevented from being excessive
and the volume efliciency of the compressor can be pre-
vented from being decreased.

Ninth Embodiment

The configuration shown i FIG. 17 1s directed to an
embodiment 1 which seli-heating sensors 91E. 91F are
provided at the low shell portion and the motor position in
compressor 1 and sensor 92F 1s provided 1n o1l separator 2.
On the other hand, 1n a minth embodiment, the following
describes an embodiment 1n which one selif-heating sensor
91M 1s provided at a position between the low shell portion
and the motor 1n compressor 1, one selif-heating sensor 91F
1s provided at the motor position in compressor 1, and one
sensor 92F 1s disposed 1n o1l separator 2.

FIG. 19 1s an entire configuration diagram of a refrigera-
tion cycle apparatus according to the ninth embodiment. In
the configuration of refrigeration cycle apparatus 107 shown
in FIG. 17, a refnigeration cycle apparatus 108 shown 1n
FIG. 19 includes: a seli-heating sensor 91M instead of
seli-heating sensor 91E; and a controller 38 instead of
controller 37.

Retrigeration cycle apparatus 108 includes a refrigerant
circuit 1n which compressor 1, o1l separator 2, condenser 3,
expansion valve 4, evaporator 5, and accumulator 6 are
connected 1n this order. O1l separator 2 and accumulator 6
are connected to compressor 1 via o1l returning paths 21, 22.
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Electromagnetic valves 7, 8 are disposed on o1l returning
paths 21, 22 respectively. Self-heating sensor 91M 1s

attached to the position between the motor and the low shell
portion corresponding to the critical o1l level position in
compressor 1, and self-heating sensor 91F 1s attached to the
motor position of compressor 1. Moreover, one self-heating,
sensor 92F 1s attached to o1l separator 2.

FIG. 20 1s a flowchart for illustrating o1l returning control
in the ninth embodiment. With reference to FIG. 19 and FIG.
20, when the output of selt-heating sensor 91M 1n compres-
sor 1 indicates gas voltage Vsg (YES 1in S121), compressor
1 has become close to the o1l shortage state. Then, controller
38 opens clectromagnetic valve 8 on o1l returning path 22,
thereby returning the o1l from accumulator 6 to compressor
1 (8122). After passage of a predetermined time (YES 1n
S123), the refrigeration o1l accumulated in accumulator 6 1s
released from accumulator 6. Hence, controller 38 closes
clectromagnetic valve 8 (S124). When the output of sensor
91M 1ndicates gas voltage Vsg at this point of time (YES 1n
S125), the state close to the o1l shortage of compressor 1 1s
still continued. In order to compensate for the insutliciency
of the refrigeration o1l, controller 38 opens electromagnetic
valve 7 to start returning the o1l from o1l separator 2 to
compressor 1 (S126). When the output of sensor 91F 1ndi-
cates o1l voltage Vso (YES 1n S107) or after passage of a
predetermined time (YES in S108), controller 38 closes
clectromagnetic valve 7 to end the o1l returning (8129).

On the other hand, when the output of sensor 91M does
not indicate gas voltage Vsg (NO 1n S121), compressor 1 1s
not 1n the o1l shortage state. However, when the output of
sensor 92F indicates o1l voltage Vso (YES 1n S130), the o1l
level of o1l separator 2 has been increased. Thus, 1n order to
lower the o1l level, controller 38 opens electromagnetic
valve 7 to start returning the oil actively (S131). After
passage of a predetermined time (YES 1n S132), controller
38 closes electromagnetic valve 7 to end the o1l returning
(S133).

In the refrigeration cycle apparatus according to the ninth
embodiment, decrease in the oil-level in compressor 1 1s
detected at an early stage using self-heating sensor 91M
attached slightly above the lower portion in compressor 1 so
as to return the o1l from accumulator 6 and o1l separator 2.
Meanwhile, self-heating sensor 92F is attached also to o1l
separator 2 to actively return the refrigeration oil accumu-
lated 1n o1l separator 2, thereby maintaining the o1l level 1n
compressor 1 to be always equal to or higher than the critical
o1l level. These make 1t possible to secure the reliability of
the refrigeration cycle apparatus. Moreover, by determining
the o1l returning upper limit using self-heating sensor 91F
attached to the motor position of compressor 1, the motor
can be prevented from being soaked in the liquid, thereby
avoiding the performance of compressor 1 from being
decreased.

The refrigeration cycle apparatus of the ninth embodiment
1s more excellent than the refrigeration cycle apparatus of
the first embodiment 1n that by preventing an excessive
amount of o1l 1n compressor 1, the volume efliciency of the
compressor can be avoided from being decreased and o1l
shortage can be prevented.

Tenth Embodiment

Next, the following describes an embodiment in which
one self-heating sensor 91M 1s provided between the low
shell portion and the motor of compressor 1 and two sensors
92F, 92F are provided at the upper and lower sides of oil
separator 2.

10

15

20

25

30

35

40

45

50

55

60

65

14

FIG. 21 1s an entire configuration diagram of a refrigera-
tion cycle apparatus according to a tenth embodiment. A
refrigeration cycle apparatus 109 shown 1n FIG. 21 includes
a refrigerant circuit in which compressor 1, o1l separator 2,
condenser 3, expansion valve 4, evaporator 5, and accumu-
lator 6 are connected i1n this order. Oi1l separator 2 and
accumulator 6 are connected to compressor 1 via o1l return-
ing paths 21, 22. Flectromagnetic valves 7, 8 are disposed on
o1l returning paths 21, 22 respectively. Self-heating sensor
91M 1s attached between the low shell portion and the motor
portion of compressor 1, and two self-heating sensors 92F,
92F are attached at the upper and lower sides of o1l separator
2.

FIG. 22 1s a flowchart for illustrating o1l returning control
in the tenth embodiment. With reference to FI1G. 21 and FIG.
22, when the output of seli-heating sensor 91M 1n compres-
sor 1 indicates gas voltage Vsg (YES 1n S141), compressor
1 1s 1n a state close to o1l shortage. Then, controller 39 opens
clectromagnetic valve 8 on o1l returning path 22, thereby
returning the o1l from accumulator 6 to compressor 1 (5142).
After passage of a predetermined time (YES 1n S143), the
refrigeration o1l accumulated 1n accumulator 6 1s released
from accumulator 6. Then, controller 39 closes electromag-
netic valve 8 (S144). When the output of sensor 91M
indicates gas Voltage Vsg at this point of time (YES 1n
S145), compressor 1 1s still continued to be 1n the state close
to the o1l shortage. In order to compensate for the insuili-
ciency ol the refrigeration oil, controller 39 opens electro-
magnetic valve 7 to start returning the o1l from o1l separator
2 to compressor 1 (S146). When sensor 92E outputs the gas
voltage (YES 1n S147), it 1s found that the release of the
refrigeration o1l stored in o1l separator 2 has been completed.
Then, controller 39 closes electromagnetic valve 7 to end the
o1l returning (5148).

On the other hand, when the output of sensor 91M does
not indicate gas voltage Vsg (NO 1n S141), compressor 1 1s
not 1n the o1l shortage state. However, when the output of
sensor 92F indicates o1l voltage Vso (YES 1n S149), the o1l
level of o1l separator 2 has been increased, so that 1in order
to lower the o1l level, controller 39 opens electromagnetic
valve 7 to start returning the o1l actively (S150). When
sensor 92F outputs the gas voltage and the amount of o1l 1n
o1l separator 2 1s decreased (YES 1n S151), controller 39
closes electromagnetic valve 7 to end the o1l returning
(S152).

In the tenth embodiment, decrease 1n o1l level 1n com-
pressor 1 1s detected by self-hea‘[ing sensor 91M attached
slightly above the lower portion 1n compressor 1 to return
the o1l from accumulator 6 and o1l separator 2. Accordingly,
the o1l level in compressor 1 1s always maintained to be
above the critical o1l level. Moreover, self-heating sensor
92F 1s attached also to o1l separator 2 to detect that the
refrigeration o1l has been accumulated 1n o1l separator 2. The
refrigeration o1l accumulated 1n o1l separator 2 1s returned
actively. These make 1t possible to secure the reliability of
the refrigeration cycle apparatus. Meanwhile, by determin-
ing to end the o1l returning using sensor 92E at the lower
portion of o1l separator 2, it 1s possible to accurately return
only the refrigeration o1l, thereby preventing the refrigerator
performance from being decreased due to a reduced refrig-
erant flow rate. The refrigeration cycle apparatus of the tenth
embodiment 1s more excellent than the refrigeration cycle
apparatus of the first embodiment 1n that: the refrigerator
performance can be prevented from being decreased due to
the refrigerant being returned together with the refrigeration
01l during the o1l returning; and the o1l shortage can be
prevented completely.
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Embodiment

Eleventh

In each of the above embodiments, 1t has been 1llustrated
that at least one or at least two sensors were attached in
compressor 1 and o1l separator 2. In the eleventh embodi-
ment, the following describes an embodiment in which two
sensors are provided in each of compressor 1 and oil
separator 2.

FIG. 23 1s an entire configuration diagram of a refrigera-
tion cycle apparatus according to the eleventh embodiment.
Retrigeration cycle apparatus 110 shown 1n FIG. 23 includes
a refrigerant circuit 1n which compressor 1, o1l separator 2,
condenser 3, expansion valve 4, evaporator 3, and accumu-
lator 6 are connected in this order. O1l separator 2 and
accumulator 6 are connected to compressor 1 via o1l return-
ing paths 21, 22. Electromagnetic valves 7, 8 are disposed on
o1l returning paths 21, 22 respectively. Self-heating sensor
91F 1s provided at the low shell portion of compressor 1, and
self-heating sensor 91F 1s provided at the motor position of
compressor 1. Moreover, two upper and lower self-heating
sensors 92F, 92F are attached to o1l separator 2.

FI1G. 24 1s a flowchart for illustrating o1l returning control
in the eleventh embodiment. With reference to FIG. 23 and
FIG. 24, when the output of self-heating sensor 91E 1n
compressor 1 indicates gas voltage Vsg (YES i S161),
compressor 1 1s in the o1l shortage state. Then, controller 40
opens electromagnetic valve 8 on o1l returning path 22,
thereby returning the o1l from accumulator 6 to compressor
1 (S162). After passage of a predetermined time (YES 1n
S163), the refrigeration o1l accumulated in accumulator 6 1s
released from accumulator 6. Then, controller 40 closes
clectromagnetic valve 8 (S164). When the output of sensor
91F indicates gas voltage Vsg at this point of time (YES 1n
S5165), the o1l shortage state of compressor 1 1s still contin-
ued. In order to compensate for the insufliciency of the
reirigeration oil, controller 40 opens electromagnetic valve
7 to start returming the o1l from o1l separator 2 to compressor
1 (S166). When the output of sensor 91F indicates oil
voltage Vso (YES 1n S167) or when the output of sensor 92E
indicates gas voltage Vsg (YES m S168), controller 40
closes electromagnetic valve 7 to end the o1l returning
(S169).

On the other hand, when the output of sensor 91E does not
indicate gas voltage Vsg (NO 1n S161), compressor 1 1s not
in the o1l shortage state. However, when the output of sensor
92F indicates o1l voltage Vso (YES 1n S170), the o1l level of
o1l separator 2 has been increased, so that 1in order to lower
the o1l level, controller 40 opens electromagnetic valve 7 to
start returning the o1l actively (5171). When the output of
sensor 91F indicates o1l voltage Vso (YES 1n S172) or when
sensor 92E outputs gas voltage and the amount of o1l
accumulated 1n o1l separator 2 has been decreased (YES 1n
S173), controller 40 closes electromagnetic valve 7 to end
the o1l returning (S174).

In the eleventh embodiment, the o1l shortage state in
compressor 1 1s detected by self-heating sensor 91E attached
to the lower portion in compressor 1 and the o1l 1s returned
from accumulator 6 and o1l separator 2. On the other hand,
seli-heating sensor 92F 1s attached also to o1l separator 2 to
detect that the refrigeration o1l has been accumulated 1n o1l
separator 2. The refrigeration o1l accumulated 1n o1l sepa-
rator 2 1s returned actively. By performing the control in this
way, the o1l shortage state of compressor 1 can be reduced
and the reliability of the refrigeration cycle apparatus can be
secured. Moreover, by determining the oil returning upper
limit using seli-heating sensor 91F attached to the motor
position of compressor 1, the motor can be prevented from
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being soaked in the liquid, thereby avoiding the performance
of compressor 1 from being decreased. Further, by deter-

mining to end the o1l returning also using lower sensor 92E
in o1l separator 2, 1t 1s possible to accurately return only the
refrigeration o1l to the compressor, thereby preventing the
refrigerator performance from being decreased due to a
reduced refrigerant flow rate.

The eleventh embodiment 1s more excellent than the first
embodiment 1n that the volume etliciency of compressor 1
can be avoided from being decreased due to an excessive
amount ol the oil 1n compressor 1 and the refrigerator
performance can be prevented from being decreased due to
the refrigerant being returned during the o1l returning.

Twelith Embodiment

In a twelfth embodiment, the following describes an
embodiment 1n which one seli-heating sensor 1s disposed at
the position between the low shell portion and the motor of
compressor 1, one self-heating sensor 1s disposed at the
motor position, and two self-heating sensors are disposed at
the upper and lower sides of o1l separator 2.

FIG. 25 1s an entire configuration diagram of a refrigera-
tion cycle apparatus according to the twelfth embodiment. A
refrigeration cycle apparatus 111 shown in FIG. 25 includes
a refrigerant circuit in which compressor 1, o1l separator 2,
condenser 3, expansion valve 4, evaporator 3, and accumu-
lator 6 are connected in this order. O1l separator 2 and
accumulator 6 are connected to compressor 1 via o1l return-
ing paths 21, 22. Flectromagnetic valves 7, 8 are disposed on
o1l returning paths 21, 22 respectively. Self-heating sensor
91M 1s provided between the low shell portion and the motor
position of compressor 1, and self-heating sensor 91F 1s
provided at the motor position of compressor 1. Moreover,
two upper and lower self-heating sensors 92F, 92E are
attached at o1l separator 2.

FIG. 26 1s a flowchart for 1llustrating o1l returning control
in the twelfth embodiment. With reference to FIG. 25 and
FIG. 26, when the output of seli-heating sensor 91M 1n
compressor 1 indicates gas voltage Vsg (YES 1n S181),
compressor 1 1s 1 a state close to o1l shortage. Then,
controller 41 opens electromagnetic valve 8 on o1l returning
path 22, thereby returning the o1l from accumulator 6 to
compressor 1 (S182). After passage of a predetermined time
(YES 1n S183), the refrigeration oil accumulated 1n accu-
mulator 6 1s released from accumulator 6. Then, controller
41 closes electromagnetic valve 8 (S184). When the output
of sensor 91M 1indicates gas voltage Vsg at this point of time
(YES 1n 8185) the state close to the o1l shortage of
compressor 1 1s still continued. In order to compensate for
the msuiliciency of the refrigeration o1l, controller 41 opens
clectromagnetic valve 7 to start returning the o1l from oil
separator 2 to compressor 1 (S186). When the output of
sensor 91F indicates o1l voltage Vso (YES 1n S187) or when
the output of sensor 92E indicates gas voltage Vsg (YES 1n
S188), controller 41 closes electromagnetic valve 7 to end
the o1l returning (S189).

On the other hand, when the output of sensor 91M does
not indicate gas voltage Vsg (NO 1n S181), compressor 1 1s
not 1n the o1l shortage state. However, when the output of
sensor 92F indicates o1l voltage Vso (YES 1n S190), the o1l
level of o1l separator 2 has been increased, so that 1n order
to lower the o1l level, controller 41 opens electromagnetic
valve 7 to start returning the o1l actively (8191). When the
output of sensor 91F indicates o1l voltage Vso (YES 1n
S192) or when sensor 92E outputs the gas voltage and the
amount of o1l accumulated 1 o1l separator 2 has been
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decreased (YES 1 S193), controller 41 closes electromag-
netic valve 7 to end the o1l returming (S194).

In the twelfth embodiment, decrease 1n the o1l level in the
compressor 1s detected by self-heating sensor 91M attached
slightly above the lower portion in compressor 1 and the o1l
1s returned from accumulator 6 and o1l separator 2. On the
other hand, self-heating sensor 92F 1s attached also to oil
separator 2 to detect that the reifrigeration oil has been
accumulated 1n o1l separator 2. Then, the refrigeration oil
accumulated 1 o1l separator 2 1s returned actively. By
performing the control 1n this way, the o1l shortage state in
compressor 1 can be prevented completely and the reliability
of the refrigeration cycle apparatus can be secured.

Moreover, by determining the o1l returning upper limit
using self-heating sensor 91F attached to the motor position
of compressor 1, the motor can be prevented from being
soaked 1n the liquid, thereby avoiding the performance of
compressor 1 from being decreased. Further, by determining
to end the o1l returning using lower sensor 92FE in o1l
separator 2, only the refrigeration o1l can be accurately
returned to compressor 1, thereby preventing the refrigerator
performance from being decreased due to a reduced refrig-
crant flow rate.

The twelfth embodiment 1s more excellent than the first
embodiment in that: the volume efliciency of the compressor
can be avoided from being decreased due to an excessive
amount of the o1l 1n compressor 1: oil shortage can be
completely prevented; and the refrigerator performance can
be prevented from being decreased due to the refrigerant
being returned during the o1l returning.

Finally, the refrigeration cycle apparatuses according to
the respective embodiments will be summarized with refer-
ence to the main figures again. Among the embodiments,
cach of relrigeration cycle apparatuses 100 to 111 1s a
refrigeration cycle apparatus in which refrigerant circulates
in an order of a compressor 1, an o1l separator 2, a condenser
3, an expansion valve 4, an evaporator 5, and an accumulator
6. Relrigeration cycle apparatus 100 includes: an o1l return-
ing path 21 extending from o1l separator 2 to compressor 1:
an electromagnetic valve 7 provided on o1l returning path
21: an o1l returning path 22 extending from accumulator 6 to
compressor 1: an electromagnetic valve 8 provided on o1l
returning path 22; and a controller 30 to 41 configured to
control a degree of opening of electromagnetic valve 7 and
a degree of opening of electromagnetic valve 8.

Refrigeration cycle apparatus 100 (or 103) shown 1n FIG.
1 (or FIG. 9) further includes a seli-heating sensor 91E (or
91M) configured to detect an o1l level position of refrigera-
tion o1l of compressor 1. Controller 30 (or 33) 1s configured
to: 1ncrease the degree of opeming of electromagnetic valve
8 when an output of seli-heating sensor 91E (or 91M)
indicates mnsutliciency of the refrigeration o1l of compressor
1 at a first point of time; and increase the degree of opening
ol electromagnetic valve 7 when the output of seli-heating
sensor 91E (or 91M) indicates the insuiliciency of the
refrigeration o1l of compressor 1 at a second point of time
subsequent to the first point of time.

Since the self-heating sensor thus detects insufliciency of
the refrigeration o1l 1n compressor 1 precisely, o1l shortage
of compressor 1 can be prevented and performance of the
reirigeration cycle apparatus can be prevented from being
decreased due to an excess of oil.

Refrigeration cycle apparatus 107 (or 108) shown 1n FIG.
17 (or FIG. 19) further includes: a seli-heating sensor 91E
(or 91M) configured to detect that an o1l level position of
refrigeration o1l of compressor 1 1s below a first position;
and a self-heating sensor 91F configured to detect that the o1l
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level position 1s above a second position higher than the first
position. Controller 37 (or 38) 1s configured to: increase the
degree of opening of clectromagnetic valve 8 when an
output of self-heating sensor 91E (or 91M) indicates that the
o1l level position 1s below the first position at a first point of
time; increase the degree of opening ol electromagnetic
valve 7 when the output of seli-heating sensor 91E (or 91M)
indicates that the o1l level position 1s below the first position
at a second point of time subsequent to the first point of time;
and close electromagnetic valve 7 when an output of seli-
heating sensor 91F indicates that the o1l level position 1s
above the second position.

Since the seli-heating sensors thus precisely detect that
the refrigeration o1l 1n compressor 1 1s msuilicient and that
the o1l has been sufliciently returned to compressor 1, oil
shortage of compressor 1 can be prevented and performance
of the refrigeration cycle apparatus can be prevented from
being decreased due to an excess of oil.

Retrigeration cycle apparatus 101 shown 1n FIG. 5 further
includes a self-heating sensor 92F configured to detect an o1l
level position of refrigeration o1l of o1l separator 2. Con-
troller 31 1s configured to increase the degree of opening of
clectromagnetic valve 7 when an output of self-heating
sensor 92F indicates that an amount of the refrigeration o1l
in o1l separator 2 1s increased to be more than a reference
amount.

Since the self-heating sensor can thus precisely detect that
the amount of o1l 1n o1l separator 2 has become close to the
upper limit, the performance of o1l separator 2 can be
prevented from being decreased, and the refrigeration o1l can
be prevented from being brought into the refrigerant circuit,
thereby preventing o1l shortage of compressor 1.

Retrigeration cycle apparatus 103 (or 106) shown in FIG.
13 (or FIG. 15) further includes: a self-heating sensor 92F
configured to detect that an o1l level position of refrigeration
o1l of o1l separator 2 1s above a first position; and a
seli-heating sensor 92E configured to detect that the o1l level
position 1s below a second position lower than the first
position. Controller 35 (or 36) 1s configured to: increase the
degree of opening of electromagnetic valve 7 when an
output of self-heating sensor 92F indicates that the o1l level
position 1s above the first position at a first point of time; and
close electromagnetic valve 7 when an output of self-heating
sensor 92F 1ndicates that the o1l level position 1s below the
second position at a second point of time subsequent to the
first point of time.

Since the self-heating sensors thus precisely detect that
the amount of o1l 1n o1l separator 2 has become close to the
upper limit and that the refrigeration o1l has been released
from o1l separator 2, pressure loss due to the o1l being
returned from o1l separator 2 can be reduced as much as
possible while preventing the performance of o1l separator 2
from being decreased, whereby the efliciency of the refrig-
eration cycle apparatus can be prevented from being
decreased.

Relrigeration cycle apparatus 107 (or 108) shown 1n FIG.
17 (or FIG. 19) further includes: a seli-heating sensor 91E
(or 91M) configured to detect that an o1l level position of
refrigeration o1l of compressor 1 1s below a first position; a
seli-heating sensor 91F configured to detect that the o1l level
position of the refrigeration o1l of compressor 1 1s above a
second position higher than the first position: and a seli-
heating sensor 92F configured to detect that the o1l level
position of the refrigeration o1l of o1l separator 2 1s above a
third position. Controller 37 (or 38) 1s configured to:
increase the degree of opening of electromagnetic valve 8
when an output of self-heating sensor 91E (or 91M) 1ndi-
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cates that the o1l level position 1s below the first position at
a first point of time; and increase the degree of opening of
clectromagnetic valve 7 when the output of self-heating
sensor 91E (or 91M) indicates that the o1l level position 1s
below the first position at a second point of time subsequent
to the first point of time. Controller 37 (or 38) 1s configured
to increase the degree of opening of electromagnetic valve
7 when an output of self-heating sensor 92F indicates that
the o1l level position of the refrigeration o1l of o1l separator
2 1s above the third position at a third point of time.
Controller 37 (or 38) 1s configured to close electromagnetic
valve 7 when an output of seli-heating sensor 91F 1indicates
that the o1l level position 1s above the second position.

The self-heating sensors thus precisely detect that the
amount of oil 1n o1l separator 2 has become close to the
upper limit, detect o1l shortage of compressor 1, and pre-
cisely detect that the amount of o1l 1 compressor 1 has
become close to the upper limit during the o1l returning.
Accordingly, while preventing the o1l shortage 1n compres-
sor 1, the o1l returming can be stopped before loss occurs due
to an excess of o1l 1n compressor 1. Moreover, the oil
separation performance of o1l separator 2 can be maintained
to prevent the refrigeration o1l from being brought into the
refrigerant circuit.

Refrigeration cycle apparatus 106 (or 109) shown 1n FIG.
15 (or FIG. 21) further includes: a self-heating sensor 91E
(or 91M) configured to detect an o1l level position of
refrigeration o1l of compressor 1; a selif-heating sensor 92F
configured to detect that the o1l level position of the refrig-
eration o1l of o1l separator 2 1s above a first position; and a
seli-heating sensor 92E configured to detect that the o1l level
position of the refrigeration o1l of o1l separator 2 1s below a
second position lower than the first position. Controller 36
(or 39) 1s configured to: increase the degree of opening of
clectromagnetic valve 8 when an output of self-heating
sensor 91E (or 91M) 1ndicates insuiliciency of the refrig-
eration o1l of compressor 1 at a first point of time; and
increase the degree of opening of electromagnetic valve 7
when the output of self-heating sensor 91E (or 91M) 1ndi-
cates the msufliciency of the refrigeration o1l of compressor
1 at a second point of time subsequent to the first point of
time. Controller 36 (or 39) 1s configured to increase the
degree ol opening of electromagnetic valve 7 when an
output of self-heating sensor 92F indicates that the o1l level
position of the refrigeration o1l of o1l separator 2 1s above the
first position at a third point of time. Controller 36 (or 39)
1s configured to close electromagnetic valve 7 when an
output of seli-heating sensor 92E indicates that the o1l level
position of the refrigeration o1l of o1l separator 2 1s below the
second position.

Thus, since the self-heating sensor precisely detects the
o1l shortage of compressor 1, the o1l returning can be started
before occurrence of o1l shortage. Moreover, since the
self-heating sensor precisely detects that the amount of o1l 1n
o1l separator 2 has become close to the upper limit and that
the refrigeration o1l has been released from o1l separator 2,
pressure loss due to the o1l being returned from o1l separator
2 can be reduced as much as possible while preventing the
performance of o1l separator 2 from being decreased,
whereby the efliciency of the refrigeration cycle apparatus
can be prevented from being decreased.

Refrigeration cycle apparatus 110 (or 111) shown 1n FIG.
23 (or FIG. 25) further includes: a seli-heating sensor 91E
(or 91M) configured to detect that an o1l level position of
refrigeration o1l of compressor 1 1s below a first position: a
self-heating sensor 91F configured to detect that the o1l level
position of the refrigeration oil of compressor 1 1s above a
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second position higher than the first position: a self-heating
sensor 92F configured to detect that an o1l level position of
the reirigeration o1l of oil separator 2 1s above a third
position; and a self-heating sensor 92E configured to detect
that the o1l level position of the refrigeration o1l of o1l
separator 2 1s below a fourth position lower than the third
position. Controller 40 (or 41) 1s configured to: increase the
degree of opening of clectromagnetic valve 8 when an
output of self-heating sensor 91E (or 91M) indicates that the
o1l level position 1s below the first position at a first point of
time: and increase the degree of opening of electromagnetic
valve 7 when the output of seli-heating sensor 91E (or 91M)
indicates that the o1l level position 1s below the first position
at a second point of time subsequent to the first point of time.
Controller 40 (or 41) 1s configured to increase the degree of
opening ol electromagnetic valve 7 when an output of
seli-heating sensor 92F indicates that the o1l level position of
the refrigeration o1l of o1l separator 2 1s above the third
position at a third point of time. Controller 40 (or 41) 1s
configured to close electromagnetic valve 7 when an output
of self-heating sensor 91F 1ndicates that the o1l level position
1s above the second position or when an output of seli-
heating sensor 92E 1ndicates that the o1l level position of the
refrigeration o1l of o1l separator 2 1s below the fourth
position.

Thus, the self-heating sensors precisely detect the oil
shortage of compressor 1 and precisely detect that the
amount of o1l 1n compressor 1 has become close to the upper
limit during the o1l returning. Accordingly, while preventing
the o1l shortage 1n compressor 1, the o1l returning can be
stopped before loss occurs due to an excess of o1l 1n
compressor 1. Moreover, since the self-heating sensors
precisely detect that the amount of o1l 1n o1l separator 2 has
become close to the upper limit and that the refrigeration o1l
has been released from o1l separator 2, pressure loss due to
the o1l returming from o1l separator 2 can be reduced as much
as possible while preventing the performance of o1l separa-
tor 2 from being decreased, whereby the efliciency of the
refrigeration cycle apparatus can be prevented from being
decreased.

As shown 1n FIG. 2 and the like, any one of seli-heating
sensors 91E, 91M, 91F, 92E, 92F described above has a
heating element 25 configured to generate heat when sup-
plied with electric power, heating element 25 having a
resistance value that changes 1n response to a temperature
change. By thus using the heating element in direct contact
with the refrigeration o1l to detect the level, it can be
precisely detected that the o1l level has reached a predeter-
mined level.

The embodiments disclosed herein are illustrative and
non-restrictive 1n any respect. The scope of the present
invention 1s defined by the terms of the claims, rather than
the embodiments described above, and 1s intended to include
any modifications within the scope and meaning equivalent
to the terms of the claims.

REFERENCE SIGNS LIST

1: compressor; 2: o1l separator; 3: condenser; 4: expansion

valve; 5: evaporator; SF: evaporator fan; 6: accumulator; 7,
8: electromagnetic valve; 91E, 91F, 91M, 92E, 92F: sensor;

10: motor; 11: casing; 12: scroll compressor; 21, 22: o1l
returning path; 23, 24: electrode; 25: element; 30 to 41:
controller.

The mvention claimed 1s:
1. A refnigeration cycle apparatus in which refrigerant
circulates 1n an order of a compressor, a first o1l separator,
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a condenser, an expansion valve, an evaporator, and a
second o1l separator, the refrigeration cycle apparatus com-
prising:
a first o1l return path extending from the first o1l separator
to the compressor;
a first valve provided on the first o1l return path;
a second o1l return path extending from the second oil
separator to the compressor;
a second valve provided on the second o1l return path;
a controller configured to control a degree of opening of
the first valve and a degree of opening of the second
valve; and
a first detector configured to detect an o1l level position of
refrigeration o1l of the compressor,
wherein the controller 1s configured to
open the second valve when an output of the first
detector indicates insuiliciency of the refrigeration
o1l of the compressor at a first point of time, and

open the first valve when the output of the first detector
indicates the mnsufliciency of the refrigeration o1l of
the compressor at a second point of time subsequent
to the first point of time,

wherein the refrigeration cycle apparatus further com-
prises:

a second detector configured to detect that the o1l level
position of the refrigeration o1l of the first o1l sepa-
rator 1s above a {irst position; and

a third detector configured to detect that the o1l level
position of the refrigeration o1l of the first o1l sepa-

rator 1s below a second position lower than the first
position, and
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wherein the controller 1s configured to
open the first valve when the output of the first detector
does not imndicate insutliciency of the refrigeration oil
of the compressor at the first point of time and when
the output of the second detector indicates that the o1l
level position of the refrigeration oil of the first o1l
separator 1s above the {first position at the first point
of time, and
close the first valve when an output of the third detector
indicates that the o1l level position of the refrigera-
tion o1l of the first o1l separator 1s below the second
position.
2. The relnigeration cycle apparatus according to claim 1,
wherein
the first detector has a first electrode, a second electrode,
and a heating element configured to generate heat when
supplied with electric power, the heating element hav-
ing a resistance value that changes 1n response to a
temperature change, and
the heating element 1s disposed between the first electrode
and the second electrode.
3. The reirigeration cycle apparatus according to claim 1,
wherein
each of the first detector, the second detector, and the third

detector has a first electrode, a second electrode, and a
heating element configured to generate heat when sup-
plied with electric power, the heating element having a
resistance value that changes 1n response to a tempera-
ture change, and

the heating element 1s disposed between the first electrode
and the second electrode.
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